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Description 

BACKGROUND OF THE INVENTION 
Reldofthe Invention 

The present Invention relates to Ink sets for ink-jet recording, which are used In recording black images on a record- 
ing medium by using in combination plural inks different in polarity as black inks, and an ink-jet recording method and 
Ink-jet recording instruments using such an ink set. and more particularly to ink sets for ink-jet recording, which permit 
the provision of clear and high-quality images having a sufficient optical density and of prints having excellent water 
fastness and light fastness, inrespective of the kind of plain paper, and an ink-jet recording method and ink-jet recording 
instruments using such an ink set. 

The present invention also relates to ink sets for ink-jet recoiding In which a color image is printed with at least two 
inks of different colors by Meeting ink droplets on a recording medium, and an ink-jet recording method and Ink-jet 
recording Instruments using such an Ink set. and more particularly to ink sets, which can prevent bleeding at boundaries 
between a black ink and color inks (hereinafter refen-ed to iDleeding" simply) and white uneven Image disorder (herein- 
after refened to "white haze") occurred In a kdack Image region at a boundary area between a black ink and a cola ink 
even when plain paper is used, and hence permits the provision of dear color Images, and an Ink-jet recording method 
and ink-jet recording instruments using such an Ink set 

Related Background Art 

With the spread of ird^-jet recording systems, It is advanced to Improve the quality and fastness properties of prints. 
WHh respect to, for example, water fastness. Japanese Patent Application Laid-Open Na 4-2261 75 and U.S. Patent No. 
5,053.495 disck)se novel black dyes and Inks which can provide images having good water festness. 

Black inks using a pigment have been reported to form black images excellent In print quality and festness proper- 
ties such as water fastness and light fastness on plain paper. 

For example, Japanese Patent Application Laid-Open Na 5-179103 discloses pigment inks stabilized with a block 
polymer of an AB or BAB type, in which A is a hydrophobic homopolymer or copolymer of an aayiic monomer, and B 
is a hydrophilic polymer or a salt thereof. Japanese Patent Applicatton Laid-Open Na 6-13631 1 discloses pigment Inks 
which comprise a block polymer of a hydrophobic polymer having a basic amine functtonal group and a hydrophilic pol- 
ymer having a nonlonic acidic functional group, can provide prints of excellent quality and have excellent diversion sta- 
bility. Japanese Patent Application Laid-open No. 7-53841 has proposed pigment inks for Ink-jet which comprise a 
triblock polymer of an ABC type, in which A Is a hydrophilic homopolymer, B is a polymer bonded to soiki particles, and 
C is a hydrophilic or hydrophobic polymer different from the block A, have excellent dispersion stability and can provide 
prints of excellent quality 

On the other hand, with the spread of ink-jet recording systems, it is attempted to improve the qiality of color 
images formed on plain paper. 

In order to improve the quality of color images, in particular, it is required that black characters recorded on plain 
paper have such good quality as they are high in density, sharp and free of any feathering. It has also been reported to 
reduce bleeding phenomenon caused by contact of plural recording inks of different colors with each other at boundary 
parts of different colors and white haze occurred In a black Image region at a boundary area between a color ink and a 
black Ink. White haze means a phenomenon that an image is disordered white unevenly. 

For example. Japanese Patent Application Laid-Open No. 8-193176 discloses inks comprising a penetrating agent 
and 0.02 to 0.5 % by weight of an alginate. Japanese Patent Appltoation Lak:l-Open Na 6-57192 has proposed black 
inks containing an anionic dye and yeltow inks containing a cationk; dye and a polyvalent precipitant Japanese Patent 
Application Laid-Open No. 9-1 1 8850 has proposed inks in which a first ink is composed of a pigment cfispersion. and a 
second ink comprises an organic acid salt or mineral add salt Japanese Patent Application Laid-Open No. 7-314888 
has proposed inks comprising a specific fluorine conpound. 

The metiiocte described in Japanese Patent AppHcation Laid-Open Na 4-226175 and U.S. Patent Na 5,053,495 
feature tiiat one or more carixixyiic acids, which are weak acids, are introduced into a dye molecule, thereby developing 
the water tetness of the resulting print making good use of the dependence of solubility of the dye on pH. However, tiie 
water fastness is insufficient in particular, when using neutralized paper because the surface pH of paper plain varies 
with the kind of the paper. 

The pigment inks disclosed in Japanese Patent Application Laid-Open Nos. 5-179183, 6-136311 and 7-53841 can 
provide images excellent in fastness properties such as water fastness and light fastness, and improve the print quality 
In plain paper to some extend. However, these inks have involved such problems as optical density becomes insufficient 
according to the kind of plain paper, and fixing ability becomes poor in plain paper timt sufficient optical density can be 
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attained. 

On the other hand, the inks comprising a penetrating agent. 0.02 to 0.5 % by weight of an alginate and a solid wet- 
ting agent described in Japanese Patent Application Lald-Open No. 8-193176 can prevent bleeding and white haze 
phenomenon to some extent. However, the wettabiDty of paper is enhanced due to the penetrating agent and solid wet- 
s ting agent, so that feathering occurs at edge parts of characters printed, resulting in a feulure to attain satisfactory char- 
acter quality. 

The inks described in Japanese Patent Application l^id-Open Nos. 6-57192 and 9-1 18850 cause aggregation of 
dyes or pigments at boundaries between different colors, so tiiat bleeding can be prevented to some extent, and tiie 
quality of black characters is also improved to some extent However, the aggregation occurs only at boundaries witiiin 

10 a black region, so tiiat white haze phenomenon that occurs in the black region cannot be prevented. On the otiier hand, 
Japanese Patent Application Laid-Open No. 7-314688 discloses ttie inks comprising the specific fluorine compound, in 
which the surface energy of a first ink is adjusted witiiin 15 dyn/cm of the surface energy of a second ink White haze 
phenomenon is reduced to some extent by this mettiod. However, it has been insufficient to prevent tiie white haze phe- 
nomenon in tiie case of high speed recording in which different colors overlap one after other in a short period of time, 

IS or according to tiie kind of plain paper. 

SUMMARY OF THE INVENTION 

It is therefore the first object of the present Invention to provide an ink set for ink-jet, which can attain high optical 
20 density for images of black ink and has good fixing ability, irrespective of tiie kind of plain paper, and a recording metiiod 
and recording Instruments i^ng such an ink set 

The second object of tiie present invention is to provide an ink set for ink-jet, which can attain high optical density 
for images of black ink, has good fixing ability and can provide prints excellent in fastness properties euch as water fast- 
ness and light fastness, irrespective of tiie kind of plain paper, and a recording metiiod and recording instruments using 
25 such an ink set. 

The ttiird object of the present invention is to provide an ink set which can provide black characters of high quality, 
prevent botti bleeding and white haze and provkJe clear color images, in-espective of the kind of plain paper, and a 
recording method and recording instruments using such an ink set. 

TTie atx)ve objects can be achieved by the present invention described below. 
30 According to tiie first aspect of the present invention, ttiere Is provkJed an ink set comprising two black inks different 
in polarity each other as black inks. 

The ink set according to tiie first aspect of tiie present invention includes the following tfiree embodiments. 

(1) An ink set comprising two black Inks different in polarity each ottier, wherein one of sakJ two black inks is a pig- 
3S ment ink. and tiie ottier is also a pigment ink 

(2) An Ink set comprising two black inks different In polarity each ottier. wherein one of saM two black inks is a pig- 
ment ink, and the other is a dye ink. 

(3) An ink set conprising two black inks different in polarity according to tiie embodiment (1) or (2). and additional 
color inks. 

40 

The ink set acconiing to the embodiment (1) will be first described. 

The ink set according to ttie embodiment (1) comprises two black inks different in polarity each ottier. wherein one 
of said two black inks is a pigment ink, and the other Is also a pigment ink. 

The ink set may comprise two black inks tiie coloring materials for which are different in polarity each other, wherein 
46 one of saU two black inks is a pigment mk. and the otiier is also a pigment ink. 

More specifically, ttie Ink set may comprise two black inks tiie cotoring materials for which are botti pigments, 
wherein one black ink is cationic. and the other black Ink is anionic. 

The cationic ink may preferably be a pigment ink in which a pigment is dispersed witii a cationic polymer or sur- 
factant, or a self-<jispersing type pigment ink in which a hydrophilic group is bonded to the suriace of a pigment through 
50 an atorrtic group having a cationic group. 

The anionic ink may preferably be a pigment ink in which a pigment is dispersed witti an anionic polymer or sur- 
fectant. or a self-dispersing type pigment Ink in whfoh a hydrophilic group is kMnded to the surfece of a pigment ttirough 
an atomic group having an anionic group. 

The ink set may preferably comprise two blade Inks the coloring materials for which are botti pigments, wherein one 
55 black ink is a self-dispersing type cationic pigment ink In which a hydrophilic group having a cationic group is direcfly 
bonded to carbon UacK and ttie ottier black ink is a self -dispersing type anionic pigment ink in wNch a hydrophiGc group 
having a anionic group is directty bonded to carison black. 

The hydrophilic group in the cationic pigment ink may preferably be composed of at least one aromatic or hetero- 
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cydic group and at least one cationic group. 

The cationic group may preferably be a quaternary ammonium group, and the anionic group may be a sulfonic or 
cartDOxyl group. 

One blade ink of the two black inks in the Ink set may preferably have a surface tension of at least 40 dyn/cm. and 
5 the other black Ink m£^ have a surface tension louver than 40 dyn/cm. 

The ink set according to the embodiment (2) wili be then described. 

The ink set according to the embodiment (2) comprises two black inks different in polarity each other, wherein one 
of said two black inks is a pigment InK and the other is a dye ink. 

The ink set may comprise two black inks the cotoring materials for which are different in polarity each other, wherein 
10 one of said two black inks is a pigment Ink, and the other is a dye ink. 

More specifically, the ink set may comprise two black inks the cok)ring materials for whk^ are a pigment for one ink 
and a dye for the other Ink, wherein one black ink is cationic. and the other black ink is anionic. 

The catk>nlc ink may preferably be a pigment ink in which a pigment is dispersed with a cationic polymer or sur- 
fcictant or a self-dispersing type pigment ink in which a hydrophilic group is bonded to the surface of a pigment through 
IS an atomic group having a cationic group. 

The cationic Ink may preferably be a cationic dye Ink. 

The anionic ink may preferably be a pigment ink in which a pigment is cfispersed with an anionic polymer or sur- 
fectant, or a self-dispersing type pigment ink in whtoh a hydrophilte group is bonded to the surface of a pigment through 
an atomic group having an anionic group. 
20 The anionic ink may preferably be an anionic dye ink. 

The Ink set may preferably comprise two Uack Inks tiie coloring materials for which are a pigment for one ink and 
a dye for the other ink, wherein one black ink is a self-dispersing type cationic pigment ink in which a hydrophilic group 
having a cationic group is directiy bonded to carbon black, and tiie other black ink is an anionic dye ink. 

The hydrophlBc group in the cationic pigment ink may preferably be composed of at least one aromatic or hetero- 
25 cydic group and at least one cab'onk: group. 

The cationic group may preferably be a quaternary ammonium group. 

The cationic ink may preferably comprise a cationic polymer. 

The anionic dye ink may preferal^y comprise an anionic polymer. 

The ink set may preferably comprise two black inks the coloring materials for which are a pigment for one ink and 
so a dye fbr the other ink wherein one black Ink Is a catkmlc dye ink. and the other black ink Is a self-dispersing type ani- 
onic pigment ink in which a hydrophilic group having an anionk: group Is directly bonded to carbon black. 
The ankniic group may preferably be a sulfonic or carboxylic group. 
The anionic pigm^t Ink may preferably comprise an anionic polymer. 
The cationic dye ink may preferably comprise a cationic polymer. 
35 One black ink of tiie two Uack inks In the ink set may preferably have a surfece tension of at least 40 dyn/cm, and 
the otiier black Ink may have a surfece tension lower than 40 dyn/cm. 
The ink set accorcfing to the embodiment (3) will be described. 

The ink set according to tiie embodiment (3) comprises two Uack inks different in polarity each other as black inks 
and additional color inks. 

AO One of said two black inks different in polarity each otiier may preferably be a pigment ink, and tiie other may also 
be a pigment ink. One of said two black inks the coloring materials fbr which are different in polarity may preferably be 
a pigment ink. and ttie other may also be a pigment ink In this case, specific embodiments in which said two black Inks 
different in polarity each other are both pigment inks may be the same as embodiments in the ink set according to the 
embodiment (1). 

46 One of said two black inks different in polarity each other may preferably be a pigment Ink, and the other may be a 
dye ink One of said two black inks tiie coloring materials fbr which are different in polarity may preferably be a pigment 
ink, and the otiier may be a dye ink In ttiis case, specific embodiments in which one of said two black inks different in 
polarity is a pigment Ink, and the other is a dye Ink may be the same as embodiments in the ink set according to the 
embodiment (2). 

so The coloring material used for the color inks may preferably be dyes. 

The cotor inks may preferably be at least yelkiw, magenta and cyan inks. 
The color inks may preferably have a surface tension lower tiian 40 dyn/cm. 

The present inventbn also relates to an ink-jet recording mettiod and instruments using any one of these Ink sets. 

According to the second aspect of the present invention, ttiere is thus provided an ink-jet recording method com- 
55 prising ejecting ink dropl^ from orifices in response to recording signals to conduct recording on a recording medium, 
wheran two black inks different in polarity each other are used as black inks to conduct the recording. 

There is also provided an ink-jet recording mettiod comprising ejecting Ink droplets from orifices in response to 
recording signals to conduct recording of a black color on a recording medium, wherein two black inks different in polar- 
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ity each other are used as black inks to conduct the black-color recording. 

The black Inks may preferably be the ink set according to the embodiment (1) or (2). 

There Is further provided an ink-jet recording method comprising ejecting ink droplets from orffices in response to 
recording signals to conduct recording of at least two colors on a recording medium, wherein two inks different in polar- 
6 ity each other as black Inks, and color Inks are used to conduct the recording. 

The k)lack inks and odor inks may preferably be the ink set according to the embodiment (3). 
The ink droplets may preferably bB ejected by applying thermal energy to the inks. 

According to the third aspect of the present invention, there is provkJed a recording unit comprising an ink container 
portion with an irtk heU therein and a head from which the ink is ejected in the form of ink droplets, wherein the ink is 
10 one of any ink set described above. 

The head may preferably be a head of the type that thermal energy Is applied to an ink to eject droplets of the ink. 
The ink container portion may preferably be formed of polyurethane, cellulose, polyvinyl acetate or polyolefin resin. 
According to the fourth aspect of the present invention, there is provided an ink cartrklge comprising an ink con- 
tainer portion with anink held therein, wherein sakJInk is one of any Ink set described above. 
IS The ink container portion may preferably be fbrmed with a polyolefin at Its surfece with which the ink comes into 
contact 

According to the fifth aspect of the present inventbn, there is provided an ink-jet recording apparatus comprising a 
recording unit having an ink container portion with an ink heU therein and a head from which the ink Is ejected In the 
form of ink droplets, wherein the ink is one of any ink set described above. 
20 The head may preferably be a head of the type that themial energy is applied to an Ink to eject droplets of the Ink 

The ink container portion may preferat3ly be fbnmed of polyurethane, cellulose, polyvinyl acetate or polyolefin resin. 

According to the sixth aspect of the present invention, there is provided an ink-jet recording apparatus comprising 
a recording head from which an ink is ejected in the form of Ir^ droplets, an ink cartridge having an ink container portion 
with the Ink held therein, and an Ink feeder for feecfing the Ink contained In the Ink cartridge to the recording head, 
2S Wherein the ink Is one Of any Ink set desalbed above. 

The recording head may preferably be a head of the type that thermal energy is applied to an ink to eject droplets 
of the ink 

The ink container portion may preferably be fomied with a polyolefin at its suriiace with which the ink comes Into 
contact 

30 WHh respect to the embodiment (1), the present inventors have carried out an extensive investigation with a view 
toward developing black inks which can attain high optical density for black images and provide high-quality images, 
irrespective of the kind of plain paper. As a result it has been found that when a set of two black inks different in a polar- 
ity each other is used as a black ink, the performance satisfying the above object can be achieved. 

In the present invention, the term "polarity" means an ionicity that an ink has, and the term 'different in a polarity" 

35 means that at least two inks are different in an tonicity. For examplOb a combination of an arvonic ink and a cationic ink 
may be mentioned. 

More specifically, two black inks of an anionfo black ink and a cationic black ink are used as black inks to form an 
image of a black color. As a method for changing the ionicity of an ink, may be mentioned a method in which the ionicity 
is changed with a coforing material, additive and/or the like. It is preferable that the ionicity of the coloring material be 

40 changed. It is more preferable that a pigment be used as the coloring material. 

When recording of a black color is conducted by using both anionic black ink and cationic black ink as black inks, 
both inks come into contact with each other on a recording medium, and so the coloring materials aggregate in them- 
selves due to bonding between anion and cation. As a result, the coloring materials remain on the surface of the record- 
ing medium, and only liquki media penetrate into the recording medium, so that a high optical density can be attained. 

46 When pigments are used as the coloring materials, the effect is more enhanced, and the fastness properties of the 
resulting print are improved. Since the aggregation of the coloring materials themselves occurs independent of the siz- 
ing agent and surface pH of plain paper, good optical density and image quality can be attained, In^espective of the kind 
of plain paper. When the penetrability of one of the two black inks is made higher, the fixing ability Is also irrgsroved. 
Wrth respect to the embodiment (2). the present inventors have carried out an extensive investigation with a view 

50 toward developing black inks which can attain high optical density for black images and provide high-quality images 
excellent in festness properties such as water fastness and light fastness, irrespective of the kind of plain paper. As a 
result, it has been found that when an ink set comprising two black Inks different In polarity each other, wherein one of 
said two black inks is a pigment InK and the other is a dye Ink, is used as a black ink, the periormance satisfying the 
above object can be achieved. More specifically, an ink set conposed of two black inks the coloring materials of which 

ss are a pigment for one Ink and a dye for the other ink. wherein one black ink is anionic, and the other black Ink Is cationic. 
Is used to tonn an image of a black cofor. As a method for changing the ionicity of an ink. may be mentioned a method 
in which the ionicity Is changed with a coloring material, additive and/or the Uka It is preferable that the ionfoity of the 
coloring material be changed. 
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When recording of a black color is conducted by using both anionic black ink and cationic black ink as black inks, 
both inks come Into contact with each other on a recording medium, and so the coloring materials aggregate in them- 
selves. As a resiJt the coloring materials remain on the surface off the recording medium, and only liquid media pene- 
trate into the recording medium, so that a high optical density can be attained. When a pigment is used as the coloring 

s material for one InK and a dye Is uses as the oolonng material for the other ink. the effect Is more enhanced, and the 
fastness properties of the resulting print are also improved. Since the aggregation of the coloring materials themselves 
occurs Independent of the sizing agent and surface pH of plain paper, good optical density and image quality can be 
attained, irrespecUve of the kind of plaai paper. 

When the penetrability of one of the two black inks is made higher, the fixing ability is also improved. 

10 With respect to the embodiment (3), the present inventors have carried out an extensive investigation with a view 
toward attaining the excellent quality of black characters, inrespective of the kind of plain paper, and preventing bleeding 
and white haze phenomenon between a black Ink and a color ink As a result, it has been found that when two black 
Inks different in polarity each other are used as black Inks in an ink set for ink-jet used in conducting recording of color 
Images, the performance satisfying the above ok^ect can be achieved. 

15 More specifk:ally, two black Inks of an anionic black Ink and a catlonk: black ink are used as black inks to form an 
image of a black color. As a method for changing the ionidty of an ink, may be mentioned a method in which the ionidty 
is changed with a coloring material, additive and/or the Ilka It is preferable that the ionfoity of the coloring material be 
changed. It is more preferable that a pigment be used as the coforing misterial. 

When cofor recording of at least two colors is conducted by using both anionfo black ink and cationic black ink as 

20 black inks, the black Inte come into contact with each other on a recording medium, and so the coforing materials 
aggregate In themselves due to bonding between anion and cation and are fixed on the surface of the recording 
medium. As a result, only liquid media penetrate into the recording medium, so that high-quality black characters can 
be provided. Since the coloring materials of the black Inks are fixed In all the region at boundary areas between the 
blade ffik and the color Inks, both bleeding and white haze phenomenon can be substantially perfectfy prevented. Since 

25 this effect Is independent of the kind (for example, sizing agent and surfoce pH) of plain paper, ttie same effect can be 
brought about even in any plain paper. When the surface tensions of the color inks are adjusted to lower than 40 
dyn/cm. the effect Is more enhanced. When the penetrability of one of the two black inks is made higher, the fixing ability 
is also improved. 

30 BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 1s a longitudinal cross-sectional view of a head of an ink-jet recording apparatus. 
Fig. 2 is a transverse cross-sectional view of tiie head of the ink-jet recording apparatus. 
Fig. 3 is a perspective view of the appearance of a multi-head which is an array of such heads as shown in Fig. 1 . 
35 Rg. 4 Is a perspective view Illustrating an exemplary Ink-jet recording apparatus. 
Fig. 5 Is a longitucfinal cross-sectional view of an ink cartridge. 
Rg. 6 is a perspective view of a recording unit 

Fig. 7 is a perspective view illustrating a recording part used in tiie present invention, in which two recording heads 
are arranged. 

40 Rg. 8 illustrates an exemplary method for forming record dots. 

Rg. 9 is a perspective view illustrating a recording part used in tfie present invention, in which five raccnding heads 
are arranged. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

46 

The present invention will hereinafter be desaibed In detail by the preferred embodiments of the invention. 

The Ink sets according to the present invention rndude two black inks different in polarity each otiier, i.e., ionicrty, 
as black inks. The ionidty of each ink Is changed by changing the ionk;ity of a coloring material used for the ink 

As coloring materials, may be used any known dyes and pigments. However, It is necessary to use cationic and 
so anionic coloring material in combination. 

In tiie ink set according to the embodiment (1). pigments are used as the coforing materials. The most preferable 
Ink set Is an Ink set comprising a cationic pigment-dispersed Ink and an anionic pigment-dispersed ink. 

In ttie ink set according to the embodiment (2), it is necessary that a dye and a pigment be respectively used as 
coloring materials for both black inks, and a cationic and anionic coloring materials be used in combination. The most 
55 preferable ink set is an ink set comprising a cationic pigment-dispersed Ink and an anfonic water-based dye Ink or an 
ink set comprising a cationic water-based dye ink and an anionic pigment-dispersed ink 

In tiie ink set according to tiie embodiment (3). two black inks different in polarity each otiier according to tiie 
embodiment (1 ) or (2) as black Inks, and additional color inks are used. Dyes are used as coforing materials for the color 
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inks. Any commercially available or Known acid dyes, direct dyes, basic dyes, disperse dyes and the like may be suitably 
used. It is particularty preferable to use acid and direct dyes having an anionic group. The color inks preferably have a 
surface tension tower than 40 dyn/cm. 

Conponents of each ink in the ink sets according to the present invention will hereinafter be descn'bed. 

Cartx>n black and water-soluble black dyes are preferably used as coloring materials useful in the practice of the 
present invention. 

A catlonic dispersion of carbon black may be prepared by (1 ) di^ersing cart)on black using a dispersing agent such 
as a catlonic suilactant or cattonic polymer. However, (2) a cSspersion of a self-dispersing type carbon black obtained 
by bonding at least one hydrophOic group direcUy or through another atomic group to the suifece of carbon black is pref- 
erably used. 

in the cationto carbon black dispersion (1). as examples of the catonic surfactant or catlonic polymer used in dis- 
persing carbon blacK may be mentioned surfactants such as lauryltrimetf^ammonium chloride, stearylbenzyldimeth- 
ylammonlum chloride; or polymers such as copolymers of N,N-dimethylaminoethyl methacrylata acetate and an acrySc 
ester, and copolymers of N,N-dimethylaminopropyl methacrylamide and ^rene. 

in the seH-cfispersing type carbon black dispersion (2), the hydrophilic group bonded directly or through another 
atomic group to the surface of carbon black is preferatdy composed of at least one aromatic group, for example, a phe- 
nyl, benzyl, phenacyl or naphthyl group, or heterocyclic group, for example, a pyridyl group, and at least one catlonic 
group More preferably, the catlonic group bonded to the surface of carbon Uack Is a quaternary ammonium group. 
Those having a quaternary phosphonium group in place of the quaternary amnnonium group may also be used. 

Specific examples of the hydrophilic groip bonded to the surface of carbon black preferably used in the present 
invention Include those having the fblkswing structures. However, the hydrophilic groups used in the present invention 
are not limited to these groups. 




^ — -*N (CHa). 



CH,-N (CH,), 
^ COCH,-N (CH,), 
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, and 




Ag a method for producing the cationic eelf-dispereing type carbon black with such a hydrophilic groip as described 
above bonded to the surfece thereof, a method for bonding, for example, an N-elhylpyridyf group having the foOowing 
structure to the surlace of cart>on black Includes a method in which cartxMi black is treated with 3-amino-N-ethyipyrid- 
inlum bromide. It goes without saying that the present Invention is not limited to this method. 



An anionic dispersion of carbon blade may be prepared by (3) dispersing carbon black using a dispersing agent 
such as an anionic surfactant or anionic polymer. However, (4) a dispersion of a self-dispersing type carbon black like 
the self-dispersing type carbon black dispersion (2) is preferably used. 

In the cationte carbon black dispersion (3). as examples of the anionic surfactant or anionic polymer used in dis- 
persing carbon black, may be mentioned surfactants such as higher fatty add salts and higher- alM sulfonic acid salts; 
or polymers such as styrene-acryllc add copolymers and styrene-maleic acid copolymers. 

In the self-dispersing type carbon black dispersion (4), as examples of the hydrophilic group bonded directly or 
through another atomic group to the surface of carbon black to impart anionic property to the carbon blacK may be 
mentfoned -COOM. -SO3M and -SOgNHCOR. wherein M is hydrogen, alkali metal, ammonium or organic ammonium, 
and R is an alkyi group having 1 to 12 casbon atoms, a pheriyl groixp which may be substituted, or a naphthyl group 
which may be substituted. Of these, carbon black with -COOM or - SO3M bonded to the surface thereof is preferably 
used in the present invention. 

With respect to "M" in the above-described hydrophilic groups, examples of the alkali metal indude lithium, sodium 
and potassium, and examples of the organic ammonium indude mono-, di- and trimethylammonium. mono-, di- and tri- 
ethylammonium, and mono-, di- and trimethanolammonium. As a method for obtaining the anionically charged carbon 
black, an example of a method for introdudng -COONa in ttie surface of caibon black includes a method in which car- 
bon black is subjected to an oxidation treatment with sodum hypochlorite. It goes without saying that the present ffiven- 
tion is not limited to this method. 

No particular limitation is imposed on the water-soluble black dye so far as it is a water-soluble dye having an ani- 
onic group, such as an ackJ dye. direct dye or readive dye described in COLOR INDEX. 

Any dye not described In COLOR INDEX may also be used without any particular limitation so far as it is an anfonic 
water-sduble dye having an anionic group, for example, a sulfonic group or a carboxylic group, or a cationic water-sol- 
uble dye having a cationic group such as an amino groupi 

Among the water-soluble dyes used herein, those having dependence of solubifity on pH may also be induded as 
a matter of course. 

No particular limitation is imposed on the content of the above<lesaibed carbon black or water-soluble black dye 
in the ink. However, it is preferably within a range of firom 0.5 to 10.0 % by weight particularly, from 1.0 to 8.0 % by 
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weight, based on the total weight of the ink. The content within this range permits a further improvement in reliabQlty as 
ink-jet ink, for example, optical density and ejection stability of ink. 

The concentrations of the coloring materials used for two black Inks way be acfjusted so as to differ from each other 
to suitably select inks to be used according to the kind of a recording medium to be used and the desired record image 
s or to change proportions of inks to be used. For example, when a pigment ink and a dye ink are used as two black inks 
to conduct recording on a recording medium such as glossy paper or coated paper, it is preferable that the concentra- 
tion of a cotoring material used for the dye ink be made Ngher. 

With respect to water-soluble polymers used in the Ink sets according to the present Inventton. a cattonic water-sol- 
uble polymer is preferably used for the cationic ink, while an anionic water-soluble polymer is pr^erably used for the 
10 anionic ink. When the water-soluble polymer is added Into the Ink, the water-soluble polymer serves as a binder for 
aggregate of the dye and pigment when recording of a black color is conducted, so that the rirfxiff resistance of the 
resulting print is improved. 

Examples of the water-soluble polymers used in the present invention include the following polymers. 

The anionic polymers include polyacrylic ackl and alkali salts thereof, polymethacrylic ackl and alkali salts thereof, 
15 styrene-acryllc add copolymers and alkali salts thereof, styrene-acrylic acid-aikyl acrylate terpdymers and alkali salts 
thereof, styrene-maleic add copolymer and alkali salts thereof, styrene-maleic acid-all^l acrylate terpolymers and alkali 
salts thereof, styrene-methacrylic acid copolymers and alkali salts thereof, styrene-methacrylic acki-alkyl acrylate ter- 
polymers and alkali salts thereof, styrene-maleic half ester ccpolymers and alkali salts thereof, vinylnapthalene-maleic 
ackJ copolymers and alkali salts thereof, alginic add and altedi salts thereof, polysaccharides such as carboxymethyi 
20 cellulose, and alkali salts thereof, and polyvinyl sulfate and alkali salts thereof. The alkali salts include salts with alkali 
metals such as sodium, lithium and potassium, and beskJes ammonium salts, alkylamine salts and alkanolamlne salts. 
These polymers may be used either singly or In any combination thereof. 

The cationic polymers indude polyalkyleneimines inducfing polyethyleneimine and polyisop'opyleneimine; 
polyamines including polyalkylene polyamlne. potyamide polyamine epichlorohydrin; water-soluble aniline resins and 
25 salts thereof; polythiourea and salts thereof; water-soluble cationized anrvno resins; polyvinyl pyrnline and salt thereof; 
and cationk»lly modified products of polyacrylamide. These polymers may be used either singly or in any combination 
thereof. 

The content of these water-soluble polymers in the ink is generally within a range of from 0.01 to 10 % by weight, 
preferably from 0.1 to 5.0 % by weight, based on the total weight of the ink. 

30 Aqueous media used In the bik sets according to the present Invention are composed of a mixed medium of water 
and a water-soluble organic solvent Specific examples of the water-soluble organic solvent include amides such as 
dimethylformamide and dimethylacetamide; ketones such as acetone; ethers such as tetrahydrofuran and di(scane; 
polyalMene glycols such as polyethylene glycol and polypropylene glycol; alkylene glycols the alkylene moiety of 
which has 2 to 6 caiton atoms, such as ethylene glycol, propylene glycol, butylene glycol, triethylene glycol, thiodigly- 

ss col, hexylene glycd and dethylene glycol; 1 ,2,6-hexan6triol; glycerol; lower a\ky\ ethers of polyhydric alcohols, such as 
ethylene glycol monomethyl (or monoethyl) ether, diethylene glycol monomethyl (or monoethyl) ether and triethylene 
glycol monomethyl (or monoethyQ ether; N-methyl-2-pyn'olidone; 1,3-dimethyl-2-imklazolidinone; triethanolamine; sul- 
folane; dimethyl sulfbxkJe; cycBc amide conpounds such as 2-pyrroridone and E-caprdactam; and inrude compounds 
suchassucdnimide. 

40 The content of these water-soluble organic solvents in the inks Is generally within a range of preferably from 1 to 80 
% by weight, more preferably from 3 to 50 % by weight, based on the total weight of each ink. Purified water or ion- 
exchanged water is used as water, and the content of the water in the inks Is generally within a range of preferably from 
20 to 95 % by weight, more preferatsly from 30 to 90 % by weight, based on the total weight of each ink 

In the black inks of the ink sets according to the present invention, may be suHabiy incorporated additives such as 

45 surfactants, antisepttes, antioxidants. pH adjustors and water-solUble pdymers in addition to the above-described com- 
ponenta 

As coloring materials used for the color inks, may be used any dyes and pigments routinely used In color inks. 
Almost all add dyes, direct dyes arKi reactive dyes may preferably be used. No particular limitation is Imposed on the 
content of the coloring material in each color Ink. However, it Is preferably within a range of from 0.1 to 20 % by weight 
so based on the total weight of the ink. 

An aqueous medium used is composed of a mixed medium of water and an water-soluble organic solvent like the 
black Inks. The content of the water-soluble organic solvent in each cotor ink is preferably within a range of from 1 to 80 
% by weight based on the total weight of the ink. 

Purified water or ion-exchanged water is used as water, and the content of the water in the color inks is generally 
55 within a range of preferably from 20 to 95 % by weight based on the total weight of each Ink. 

In the color inks, may be suitably incorporated additives such as surfectants, antiseptics, antioxidants. pH adjustors 
and water-sduble polymers in addition to ttie above-described components. 

As the color inks, may be used cotor Inks such as yeOow. magenta and cyan inks. The color inks preferably have a 
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surface tension lower than 40 dyn/cm. 

The recording method using any one of the ink sets according to the present invention will hereinafter be described. 

In the present invention, two blade oiks different in an ionicity are used as black inks, ofid any method may be used 
as the recording method so far as it is a method by which the two inks can be caused to coexist on a recording medium. 
s No problem arises if either ink is first applied to the recording medium. When the surface tension of one black Ink Is 
adjusted to at least 40 dyn/cm. preferably, within a range of from 40 to 60 dyn/cm, and the surface tension of the other 
black ink is adjusted to lower than 40 dyn/cm, preferably, within a range of from 25 to 39 dyn/cm for the purpose of more 
improving the fixing ability of the inks, however, it is preferable that the Ink having a higher surface tension be applied 
first. 

10 The color ink(s) are preferably applied to the recording medium before or after the application of the two black inks. 
It is not preferable to apply the color ink(s) between the application of the two black inks. 
The recorcfing method will hereinafter be desaibed more specifically 

In the ink set according to the eni}odlment (1 ) or (2). two recorcfing heads are provided for the respective black inks. 
In the ink set according to the embodmnent (3). two recording heads for the black inks and three recording heads for the 

75 yellow, magenta and cyan inks are provided. 

One of the recording heads for the black inks is used for the cationic black inK and the other for the anionic black 
ink. Fbr example, each 50 % of both black inks Is used for a region In which a black image is formed. No particular lim- 
itation Is Imposed on proportions of both inks used. It is however desirable that both inks be used in a ratio of from 1 :g 
to 9:1 , preferably from 2:8 to 8:2 to form a black image. If tiie ratio is outskie the above range, the effect of the coloring 

20 materials used for botfi inks on aggregation becomes insufficient, so that the desired effect cannot be achieved. As a 
method fbr causing both black inks to coexist on tiie recording medium, it is permissible either to apply both inks to a 
place conresponding to the same record dot on ttie recoitling medium or to alternately apply botti inks to places con^e- 
sponding to adjoining record dot& However, it is necessary to bring botti inks into contact witti each other on the record- 
ing mediuni 

25 No particular limitation is imposed on tiie time required from the time one black ink is applied to the recording 
medium up to the time tiie other black ink is then applied. In order to more effectively work tiie present invention, how- 
ever, it is preferable to apply both black inks at an Inten^al within several seconds, particularly preferably 3 seconds. 

Recording apparatus useful in ttie practice of tiie present invention will hereinafter be described. As a prefen'ed 
method and apparatus tor conducting recording by using any one of tiie ink sets according to the present invention, may 
30 be mentioned a method and apparatus in which fliermal energy con'esponding to recording signals is applied to an ink 
wittiin a recording head, and ink droplets are generated by tiie thermal energy 

Examples of the construction of a recording head, which is a main component of such an apparatus, are illustrated 
In Figs. 1,2 and 3. 

A head 13 is formed by bonding a glass, ceramic or plastic plate or the like having a groove 14 tiirough which an 
35 ink is passed, to a heating head 1 5 having a heating resistor, which is used fbr thermal recording (tiie drawings show a 
head to which, however, tiie Invention Is not limited). The heating head 15 is composed of a protective film 16 made of 
silicon oxide or the like, aluminum electrodes 17-1 and 17-2, a heating resistor layer 18 made of nichrome or the like, a 
heat accumulating layer 19. and a substrate 20 made of alunina or the like having a good heat radiating property. 
An ink 21 oomes up to an ejection orifice (a minute opening) 22 and fbrms a meniscus 23 due to a pressure not 
40 illustrated. 

Now, upon application of electric signals to tiie electrodes 17-1 and 17-2, ttie heating head 15 rapidly generates 
heat at ttie region shown by n to form bubbles in ttie ink 21 which Is in contact wItti ttiis region. The meniscus 23 of ttie 
ink is projected by ttie pressure ttius produced, and ttie ink 21 is ejected from the ejection ortftoe 22 to a recording 
medium 25 in the form of minute droplets 24. 

45 Rg. 3 illustrates an appearance of a multi'-head conpjsed of an array of a number of heads as shown in Fig. 1 . The 
mufti-head is formed by closely bonding a glass plate 27 having a number of grooves 28 to a heating head 28 similar to 
tiie head as illustrated in Fig. 1 . 

Inckientally. Rg. 1 is a cross-sectional view of the head 13 taken along ttie f tow path of ttie ir^ arvJ Rg. 2 Is a cross- 
sectional view taken along line 2-2 in Fig. 1 . 

so Rg. 4 illustrates an example of an ink-jet recording apparatus in which ttie above head has been incorporated. 

In Rg. 4, reference numeral 61 designates a blade serving as a wiping member, one end of which is a stationary 
end held by a blade-holding mender to form a cantilever. The blade 61 is provided at a position adjacent to a region in 
which a recording head 65 operates, and in tills embodiment, is hekJ in such a form that it protrudes into tiie course 
through which the recording head 65 is moved. 

55 Reference numeral 62 indicates a cap fbr a fcice of Section openings of ttie recording head 65. which is provkfed 
at a home position adjacent to ttie blade 61 . and is so constructed ttiat it moves in a direction perpendicular to a direc- 
tion in which ttie recording head 65 is moved, and comes into contact wHh ttie face of ejection openings to cap it. Ref- 
erence numeral 63 denotes an ink-absorbing member provkfed adjolrvngly to the blade 61 and, similar to the blade 61 , 
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held in such a form that it protrudes into the course through which the recording head 65 is moved. The above- 
desaibed blade 61, cap 62 and absorbing member 63 constitute an ejection-recovery portion 64, where the blade 61 
and absorbing member 63 remove water, dust and/or the like from the fcice of the ink-ojecting openings 

Reference numeral 65 designates the recording head having an ejection-energy-generating means and serving to 
5 ^ect the ink onto a recording medium set in an opposing relation to the ejection opening face provided with the Section 
openings to conduct recording. Reference numeral 66 indicates a carriage on which the recording head 65 is mounted 
so that the recading head 65 can be moved. The carriage 66 is slidably interlocked with a guide rod 67 and is con- 
nected (not illustrated) at its part to a belt 69 driven by a motor 68. Tluis, the carriage 66 can be moved along the guide 
rod 67 and hence, the recording head 65 can be moved from a recording region to a re^on aciyacent thereta 
10 Reference numerals 51 and 52 denote a paper feeding part from which the recording media are separately 
inserted, and paper feed rollers driven by a motor (not illustrated), respectively. With such a construction, the recording 
medium is fed to the position opposite to the ejection opening face of the recording head 65, and discharged from a 
discharge section provided with discharge rollers 53 with the progress of recording. 

In the above constructnn. the cap 62 in the head recovery portton 64 is receded from the path of motk)n of the 
15 recording head 65 when the recording head 65 is returned to its home position, fbr example, after completion of record- 
ing, and the blade 61 remains protruded into the path of motion. As a result, the ejection opening face of the recording 
head 65 is wiped. When the cap 62 comes into contact with the Section opening ^ce of the recording head 65 to cap 
It, the cap 62 is moved so as to protrude into the path of motion of the recording head 65. 

When the recording head 65 is moved from its home position to the positton at which recording is started, the cap 
20 62 and the blade 61 are at the same positions as the positions fbr the wiping as described abova As a result the ejec- 
tion opening face of the recording head 65 is also wiped at the time of this movement. 

The above movement of the recording head 65 to its home position Is made not only when the recording Is com- 
pleted or the recording head 65 is recovered fbr ejection, but also when the recording head 65 is moved between 
recording regions for the purpose of recording, during which it is moved to the home position adjacent to each recording 
25 region at given intervals, where the ejection opening face is wiped in accordance with this movement. 

Fig. 5 illustrates an exemplary ink cartridge 45 in which an ink to be fed to the head through an ink-feeding member, 
fbr example, a tube is contained. IHere, reference numeral 40 designates an ink container portion containing the ink to 
be fed, as exemplified by a bag for the Ink One end thereof is provided with a stopper 42 made of rubber. A needle (not 
illustrated) may be inserted Into this stopper 42 so that the ink in the bag 40 fbr the ink can be fed to the head. Reference 
30 numeral 44 indicates an Ink-absorbing menrtber fbr receiv&)g a waste ink. K is preferred that the Ink container portion be 
formed of a polyolefin, in particular, polyethylene, at its surface with which the ink comes into contact. 

The ink-jet recording apparatus used in the present Invention are not limited to the apparatus as descraDed above 
in which the head and the ink cartridge are separately provided. TTierefbre, a device in which these members are inte- 
grally formed as shown In Rg. 6 can also be preferably used. 
35 In Rg. 6, reference numeral 70 designates a recording unit, in the interior of which an ink container portion contain- 
ing an ink, for example, an ink-absorbing member, is contained. The recording unit 70 is so constructed tiiat the ink in 
such an ink-absorbing member is ejected in tiie form of ink droplets through a head 71 having a plural'rty of orifices. In 
tiie present invention, pdyurethane, cellulose or polyvinyl acetate is preferably used as a material fbr the ink-absorbing 
member. 

40 Reference numeral 72 indicates an air passage for communicating ttie interior of tiie recording unit 70 witti the 
atmosphere. This recordng unit 70 can be used in place of tiie recording head 65 shown in Fig. 4, and is detachaUy 
installed on the canlage 66. 

Incidentally, in the recording apparatus used in the present invention, the ink-jet recording apparatus in which tiier- 
mal energy is applied to an ink to eject droplets of tiie ink has been described by way of example. However, tiie present 

45 invention can also be used in other ink-jet recording apparatus such as a piezo-system using a piezoelectric element. 
In the case where tiie recording mettiod according to tiie present invention Is carried out, for example, a recording 
apparatus in which two recording heads, each of whk^h has been Illustrated in Rg. 3, are arranged on a carriage 66, is 
used for tiie ink sets according to the embodiments (1) and (2). An example tiiereof is illustrated In Rg. 7. Reference 
numerals 81 and 82 indicate recording heads fbr ejecting black Inks different in ionicity. respectively. The recording 

so heads are arranged in the above<lescribed recording apparatus and serve to ^ect the respective inks in response to 
recording eignal& Rg. 7 shows the case where the two recording heads have been used. However, the present inven- 
tion is not limited tiiereto. 

On tiie otiier hand, for exanrple, a recording apparatus in which five recording heads, each of which has been illus- 
frated in Fig. 3, are arranged on a carriage 66. is used fbr tiie ink sets accorcfing to the embodiment (3). An example 
55 thereof is illustrated in Fig. 9. Reference numerals 81 and 82 indicate recording heads for black inks adapted fbr ejecting 
black inks different in ionicity. respectively, and reference numerals 83, 84 and 85 designate recording heads fbr ^'acting 
inks of yellow, magenta and cyan colors, respectively. The recorcfing heads are anranged in tiie above-described record- 
ing apparatus and serve to eject the respective inks in response to recording slgnala 



11 



10/14/2004, EAST Version: 1.4.1 



* I « 

EP0879857A2 

The present invention will hereinafter be desaibed more specifically by the following Examples and Conparative 
Examples. Incidentally, all designations of "jparf or parts' and as will be used in the following examples mean part 
or parts by weight and % by weight unless expressly noted. 

First of ail, the preparation of carbon black and pigment dispersions used In Examples and Comparative Examples 
5 will be desaibed. 

Carbon Black 1: 

To a solution with 3.08 g of H3N*C6H4N*(CH3)3Cr • Pdissolved in 30 g of water, were added 1 .69 g of silver nitrate 
10 with stining. Precipitate formed was removed by filtration, and the resultant filtrate was added with stirring to a suspen- 
sion with 10 g of carbon black having a surface area of 230 m^/g and a DBPA (oil absorption measured with dibutyl 
phthalate) of 70 ml/1 00 g dispersed in 70 g of water. After 2.25 g of concentrated hydrochloric add were then added to 
the resultant mixture, a solution with 0.83 g of sodium nitrite dissolved In 1 0 g of water was added. As a result, a diazo- 
nlum salt with an NN*C6H4N*{CH3)3 group having the following structure reacted to carbon black, thereby generating 
. is nitrogen ga& After the nitrogen gas ceased to bubble, the resultant dispersion was dried in an oven controlled to 1 20''C, 
thereby obtaining a product with a C6H4rsr(CH3}3 group bonded to the surface of the caibon black 



20 




25 

Carbon Black 2: 

A solution containing 2. 1 2 g of 4-acetanfiinophenacyl chloride. 0.83 g of pyridine and 6.4 g of dimethyl suHoxIde was 

30 stirred overnight. After 0.8 g of pyridine and 1 g of dimethyl sulfoxide were additionally added, the solution was stirred 
for additional 5 hours. After 50 ml of ether were added, acetamidophenacylpyridinium chloride fonned was collected by 
filtration. After the thusK>btalned acetamidophenacylpyridinium chlorkie was dissolved in water, and the resultant solu- 
tion was filtered, 1.7 g of concentrated hydrochloric acid were added to the filtrate. After the solution was boiled for 1 
hour, it was cooled, and acetone was added thereta The resultant mixture was filtered to obtain 4-aminophenacylpy- 

35 ridinhjm chloride hycfa^ochlorkle. 

In 15 g of water, were dissolved 2 g of the thus-obtained 4-aminophenacytpyridlnium chloride hydrochloride, and 
4.5 g of a basic ion-exchange resin (Amberfite IRA400-OH) were added to the solution. After stirring the mixture. K was 
filtered to remove the ion-exchange resin, thereby obtaining an aqueous solution of 4-aminophenacyipyridinium chlo- 
ride. The aqueous solution containing 1 .3 g of 4^minophenacylpyridinium chtoride in 25 g of water was ref luxed with 1 

40 g of silver nitrate for 90 minutes. Precipitate formed was removed by f ittration. To the resultant filtrate, were added 5 g 
of carlDon black having a suriace area of 200 m^/g and a DBPA of 122 mt/1 00 g. and the resultant mixture was heated 
to about SO'^C. After 0.52 g of concentrated hydrochloric add were added, a solution of sodium nitrite In a small amount 
of water was added, and the resultant dispersion was stirred for 1.5 hours. As a result, a diazonium salt with an 
NKrC6H4COCH2(N'^C5H5) group having the following structure was formed and reacted to carbon krfacK thereby 

46 ofcrtaining a product with a C6H4COCH2(N*C5H5) group bonded to the surface of the carbon black 



so 




55 

Pigment Dispersion 1 : 

Fifteen parts of a styrene-acryllc add-ethyl acrylate terpolymer (add value; 1 74; weight average molecular weight: 
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18.000), 4.5 parts of monoethanolamine. 5 parts of ethylene glycol and 57 parts of water were mixed, and the mixture 
was heated to 70^C in a water bath, thereby completely dissolving the resin. At this time, the resin may not be com- 
pletely dissolved if the concentration of the resin to be dissolved is low. Therefore, the desired resin solution may also 
be prepared by preparing a high-concentration solution in advance and diluting this solution. To this solution, were 
s added 10 parts of carbon black (MCF-88. trade name; pH: 8.0; product of Mitsubishi Chemical Industries Umitecl) and 
5 parts of ethand to premix the components for 30 minutes. Thereafter, the resultant premix was subjected to a disper- 
sion treatment under the following conditions. 

Dispersing machine: sand grinder (manufactured by Igarashi Kikai K.K.) 
10 Qrindng medium: zirconium beads (diameter: 1 vm) 
Packing rate of grinding medium: 50 % (by volume) 
Grinding time: 3 hours. 

The thus-treated mixture was further sul^jected to a centrifugal treatment (12.000 rpm, 20 minutes) to remove 
IS coarse particles, thereby obtaining Pigment Dispersion 1 . This dispersion is a dispersion containing caitx)n black dis- 
persed witii the anionic resia 

Pigment Dispersion 2: 

20 After 300 g of add carbon black ("MA-8", trade name; product of MitsiA)ishi Chemical Industries Umited) were thor- 
oughly mixed with 1 ,000 ml of water. 450 g of sodium hypochlorite (available chlorine concentration: 1 2 %) were added 
dropwise to the mixture. The resultant mixture was stirred for 8 hcxjrs at 100 to lOS^'C to oxidize tiie carbon black. The 
resultant slurry was filtered through Toyo Rlter Paper No. 2 and then fully washed with water to remove salts by-pro- 
duced. The resultant wet cake was dispersed again in 3.000 ml of water, and the dispersion was purified and concen- 
ts trated with a reverse osmosis membrane to obtain Pigment Dispersion 2 containing the pigment at a concentration of 
10 % by weight. According to this process, a self-dispersing type anionic cartx)n black with a group -COOfvia bonded to 
the suriace of the caxton black was olitained. and such caitx)n black was dispersed in a stalsle state in Pigment Dis- 
persion 2. 

30 Pigment Dispersion 3: 

Two parts of a poly-N.N'-dimethyl-3.5-methyleneplperidinium salt (Mw: 3,700). 5 parts of diethylene glycol and 78 
parts of ion-exchanged water were mixed, and the mixture was heated to 70''C in a water bath. theret>y completely dis- 
solving the resia To this solution, were added 15 parts of caitxsn black having a suriace area of 180 rn^/g and a DBPA 
35 of 1 22 ml/1 00 g to premix the components for 30 minutes. Thereafter, the resultant premix was subjected to a cfisper- 
sion treatment under the fbllowing conditions. 

Dispersing machine: sand grinder (manufactured by Igarashi Kikai K.K.) 
Grinding medium: zirconium beads (diameter: 1 mm) 
40 Packing rate of grinding medium: 50 % (tyy volume) 
Grinding time: 3 hours. 

The thus-treated mixture was further subjected to a centrifugal treatment (12,000 rpm, 20 minutes) to remove 
coarse particles, thereby obtaining Pigment Dispersion 3. This dispersion is a dispersion containing cartoon black dis- 
4s parsed with the cationic resin. 

Pigment Dispersion 4: 

After 300 g of commercially available acid carbon black ("MA-TT, trade name; pH: 3.0; product of Mitsubishi Chem- 
50 leal Industa'ies Limited) were thoroughly mixed witii 1 .000 ml of water. 450 g of sodium hypocNorite (available chlorine 
concentration: 12 %) were added dropwise to the mixture, and the mixture was stirred for 10 hours at 100 to 105''C. The 
resultant slurry was filtered through Toyo RIter Paper Na 2 (product of Advantes Ca), and the resultant pigm&it parti- 
cles were fully washed with water. The wet cake of this pigment was dispersed again in 3,000 ml of water, and the dis- 
persion was desalted by means of a reverse osmosis membrane to a conductivity of 0.2 ^s. The pigment dispersion 
55 (pH: 8 to 10) was concentrated to a pigment concentration of 10 % by weight. The above-described process was fol- 
lowed to obtain Pigment Dispersion 4 in which a seff-dispersing type carbon black anionically charged with a hydrophilic 
group -COa direcfly bonded to the suriace of the carbon black was dispersed. 
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Pigment Dispersion 5: 

After 10 g of carbon blade having a surface area of 230 nf /g and a DBP oil absorption of 70 ml/100 g and 3.41 g 
of p-amincbenzoic add were thorougMy mixed with 72 g of water, 1 .62 g of nitric add were added dropwise thereto, and 

5 the resultant mixture was stinred at 70''C. Alter several minutes, a solution of 1 .07 g of sodium nitrite in 5 g of water was 
further added to the mixture, and the resultant mixture was stined for an additional 1 hour. The resultant siuny was fil- 
tered through Toyo Filter Paper Na 2 (product of Advantes Co.)i ^ the resultant pigment partides were fully washed 
wHh water and dried in an oven controDed to SO'^C. Water was then added to the died pigment to prepare an aqueous 
dispersion containing the pigment at a ooncentration of 10 % by weight The above-descrbed process was followed to 

10 detain Pigment Dispersion 5 in which a self-dispersing type cartxm blade anionlcally charged with a hydrophiiic group 
bonded to the surfece of the carbon black through a phenyl group as shown below was dispersed. 



15 




SOa- 



20 

Pigment Dispersion 6: 

To a solution of 5 g of concentrated hydrochloric acid in 5.3 g of water, were added 1 .58 g of anthranllic add at 5*^0. 

25 The mixture was stirred in an ice bath, thereby always holding it at 1 0^*0 or lower. In this state, a solution with 1 .78 g of 
sodium nitrite dissolved in 8.7 g of water at S'^C was added. After stirring the resultant mixture for 15 miruites. 20 g of 
caiton blade having a surfoce area of 320 m^/g and a DBP oil absorption of 120 mi/100 g were added to the mixture 
with stimng. The resultant mixture was then stirred for additional 15 minute& The resultant slun-y was filtered through 
Toyo Filter Paper No. 2 (product of Advantes Co.), and the resultant pigment particles were fully washed with water and 

30 dried In an oven controlled to 1 1 0*C. Water was added to the dried pigment to prepare an aqueous disperston contain- 
ing the pigment at a concentration of 1 0 % by weight. The above-described process was followed to obtain Pigment Dis- 
persion 6 in which a self-dispersing type carbon black anionlcally charged with a hydrophiiic group bonded to the 
surface of the cartson black through a phenyl groif) as shown below was dispersed. 



35 




40 



Examples 1 to 5 and Comparative Examples 1 and 2: 

45 Ink sets according to Examples 1 to 5 were respectively prepared by combining two inks as black inks with each. 
Each ink was prepared in the following manner. After its corresponding components described below were mixed into 
a solution, the solution was filtered under reduced pressure through a microfifter (product of Fuji Photo Film Ca, Ltd.) 
having a pore size of 3.0 ^m, with regard to black inks of Exarrples 1 to 5. thereby preparing inks. 

50 Example 1: 

Black Ink A: 



55 



Carbon Black 1 (cationic) 


4 parts 


Diethylene glycol 


15 parts 
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(continued) 



Water 



81 parts. 



Black Ink B: 



Pigment Dispersion 2 (anionic) 


30 parts 


Qlycerol 


Sparts 


Triethyiene glycol 


5 parts 


Ethanol 


4 parts 


Water 


56 parts. 



The above-descr&)6d Black Inks A and B had surtace tensions of 52 dyn/cm and 49 dyn/cm. respectively. 
Example 2: 
Black Ink A: 



Black InkB: 



Pigment Dispersion 1 (anionic) 


30 parts 


Glycerol 


5parts 


2-Pyrrolidone 


Sparts 


Isopropyl alcohol 


Sparts 


Water 


57 parts. 




Pigment Dispersion 3 (cationic) 


20 parts 


DIethylene glycol 


10 parts 


Ethylene glycol 


Sparts 


Water 


65 parts. 



The above-described Black Inks A and B had surface tensions of 50 dyn/cm and 46 dyn/cm, respectively. 
Example 3: 
Black Ink A: 



Cart)on Black 2 (cationic) 


Sparts 


Triethyiene glycol 


Sparts 


l.S-Pentanediol 


Sparts 
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(oont'nued) 


Isopropyl alcohol 


4 parts 


Water 


81 parts. 



Black Ink B: 



Pigment Dispersion 2 (anionic) 


30 parts 


Glycerol 


SpartB 


Triethylene glycol 


Spans 


Diethytene glycol 


4parts 


Triethylene glycol monobutyl ether 


4partB 


Water 


52 parts. 



The above-described Black Inks A and B had surface tensions of 48 dyn/cm and 38 dyn/cm, respectively. 
Example 4: 
Black Ink A: 



Caiten Black 2 (cationtc) 


5 parts 


Oiethylene glycol 


Sparts 


1,5-Pentanediol 


Spans 


Isopropyl alcohol 


4 parts 


Water 


81 pans. 



Black InkB: 



Pigment Dispersion 2 (anionic) 


30 parts 


Glycerol 


Spans 


Triethylene glycol 


Spans 


Acetylenol EH (trade name, product of Kawaken Fine Chemicals Co.. Ltd.) 


0.7 pans 


Water 


59.3 pans. 



The above-desaibed Black Inks A and B had surface tensions of 47 dyn/cm and 32 dyn/cm, respectively. 
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Example 5: 
Black Ink A: 

6 



Aslrazon Black FDL (cationic. product of Dystar Co.) 


Sparts 


Glycerol 


5 parts 


DIethytene glyooi 


7 parts 


Ethanol 


3parts 


Water 


80 parts. 



IS 

Black bikB: 



CI. Direct Black 195 (anionic) 


Sparts 


Gycerol 


Sparts 


Tlikxlialyool 


5 parts 


Sodium hydroxide 


0.5 parts 


Diethylene glycol 


5 parts 


Water 


81.5 parts. 



30 The above-described Black Inks A and B had surface tensions of 48 dyn/cm and 47 dyn/cm, respectively. 
Conparative Exanrple 1 : 

Black Ink A prepared in Example 1 was used in two recording heads to conduct recording. 

35 

Comparative Example 2: 

Black Ink B prepared in Example 1 was used in two recording heads to conduct recording. 

The respective inks of the above^lescrbed Exanples and Comparative Examples were used to conduct recording 
40 on commercially available paper for copying (Canon PB paper and Xerox 4024 paper) and bond paper (Plover Bond). 

As an ink-jet recording apparatus, was used a recording appaiatus similar to that shown in Rg. 4. Images were 
fbmied using 2 recording heads as Illustrated In Fig. 7. IncMentally, the recording heads used herein were the same 
recording heads as that used in BJC820 (trade name, Ink-jet printer manufactured by Canon Inc.). Drive conditions for 
the recording heads, namely, energizing conditions for a heater In each head were as follows: 

46 

Applied voltage: 28 V 
Pulse width: 3.2 ^sec 
Drive frequency: 5 kHz. 

so In the present invention, two black inks, i.e., Black Ink A and Black Ink B are used as black inks. Therefore, Black 
Ink A was used in one recording head, and Black Ink B In the other recording head to conduct the recording. In Com- 
parative Exanr^es, one and the same black Ink was used in two recording heads to conduct the recording. 

In each example, the record image was formed by using the two recording heads to make a record of 50 % duty by 
one recording head and make the remaining record of 50 % duty by the other recording head so as to give 1 00 % duty. 

55 Record dots were formed by such a method as illustrated in Rg. 8. In Rg. 8, open circles are record dots formed by 
Black Ink A, and hatched cirdes are record dots formed by Black Ink B. Incidentally, in Examples 3 and 4, a black ink 
having a higher surface tension was charged into a leading recording head in order that the black ink may impact first 
on a recording medium. 
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The record images obtained in Examples 1 to 5 and Comparative Examples 1 and 2 were evaluated as to optical 
density and fixing ability. The results thereof are shown in Table 1 . The evaluation of the record images was conducted 
In accordance with the following respective methods. 

5 [Optical density] 

English characters and numerals and a solid print were recorded on commercially availatsle paper for copying 
(Canon PB paper and Xerox 4024 paper) and bond paper (Plover Bond). After left to stand fbr 1 hour, its optical density 
was measured by a Macbeth RD915 (trade name, manufactured l3y Macbeth Company), and evaluation was made in 
10 accordance with the following standard: 



15 



A: Density was not lower than 1 .25; 
B; Density was from 1 .15 to 1.25; and 
C: Density was lower than 1.15. 

[Fixing ability] 



A solid print was recorded on commercially available paper for copying (Canon PB paper and Xerox 4024 paper) 
and bond paper (Plover Bond). After the recording, the time by which staining no longer occunred even when the solid 
20 print area was rubbed with f'mgers was measured. Evaluation was made In accordance with the following standard: 

A: Staining no longer occurred in shorter than 30 seconds; 
B: Staining no longer occurred in from 30 to 50 seconds. 
C: Marked staining occurred even in longer than 50 seconds. 

25 



Table 1 



30 



35 



40 





Optical density 


Fixing ability 




PB paper 


Xerox 4024 paper 


Bond paper 




Ex.1 


A 


A 


A 


B 


Ex.2 


A 


A 


A 


B 


Ex.3 


A 


A 


A 


A 


Ex.4 


A 


A 


A 


A 


Ex.5 


A 


A 


A 


A 


Comp. Ex. 1 


C 


B 


A 


B 


Comp. Ex. 2 


c 


B 


B 


B 



45 



50 



Examples 6 to 11 and Comparative Examples 3 and 4: 

Ink sets according to Examples 6 to 11 were re^ectively prepared by conr^ining two inks as black inks with each. 

Each ink was prepared in the fo!k)wing manner. After its corresponding components described below were mbced 
into a solution, the solution was filtered under reduced pressure tiirough a microfilter (product of Fuji Photo Rim Ca, 
Ltd.) having a pore size of 3 ^m when the ink was a pigment ink, or through a mlcrof liter (product of Fuji Photo FDm Co.. 
Ltd.) having a pore size of 0.2 ^m when the ink was a dye inK thereby preparing inks. 

Example 6: 

Cationic black ink: 



55 



Cartx>n Black 1 (cationic) 4.0 parts 
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(continued) 






Glycerol 


5.0 parts 




Triethylene glycol 


5.0 parts 


5 


Polyallylamine 


3.0 parts 




W^ter 


83.0 pai1& 



Anionic black ink: 

10 



CI. Direct Black 195 


2.5 parts 


Glycerol 


5.0 parts 


Dlethylene glycol 


5.0 parts 


Sodium hydroxide 


0.5 parts 


Water 


87.0 parts. 



20 

The above-described cationic black ink and anionic black ink had surface tensbns of 52 dyn/cm and 46 dyn/cm, 
respectively. 

25 Example 7: 

Cationic black ink: 



Carbon Black 2 (cationic) 


4.0 parts 


Glycerol 


5.0 parts 


Diethylene glycol 


5.0 parts 


Polyethylene polyamlne 


2.0 parts 


W^ter 


84.0 parts. 



40 Anionic black Ink: 



at. Food Black 2 


3.0 parts 


Glycerol 


5.0 parts 


Ethylene glycol 


7.0 parts 


Triethylene glycol 


4.0 parts 


Sodium polyacrylate 


0.5 parts 


Water 


78.5 parts. 



The abov&<lesaibed cationic black ink and anionic black ink had surface tensions of 51 dyn/cm and 43 dyn/cm. 
55 respectively. 
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Example 8: 
Cationici3lack ink: 



Pigment Dispersion 3 (cationic) 


30.0 parts 


Qiycerol 


7.0 parts 


2-Pyn'olidone 


5.0 parts 


Isopropyl alcohol 


3.0 parts 


Water 


55.0 parts. 



Anionic kriack ink: 



CI. Direct Black 195 


2.5 parts 


Glycerol 


5.0 parts 


Dlethylene glycol 


5.0 parts 


Ethylene s^ycol 


5.0 parts 


Acetylenol EH (trade name, product of lOiwaken Fine Chemicals Ca, Ud.) 


0.5 parts 


Water 


82.0 parts. 



The above-described cationic black Ink and anionic black Ink had surface tensions of 48 dyn/cm and 33 dyn/cm, 
respectively. 

Example 9: 

Cationic black ink: 



Astrazon Black SW (trade name, product of Bayer AO) 


5.0 parts 


Glycerol 


5.0 parts 


Ethylene glycol 


7.0 parts 


Polyethyleneimine 


1.0 parts 


Water 


82.0 parts. 



Anionic black ink: 



Pigment Dispersion 2 (anionic) 


30.0 parts 


Ethylene glycol 


5.0 parts 


Triethylene glycol 


10.0 parts 


Sodium polymethacrylate 


0.5 parts 
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(continued) 

I Water j 54.5 parts. 

The above-descrBsed cationic black ink and anionic black ink had surface tensions of 48 dyn/cm and 52 dyn/cm, 
respectively. 

Example 10: 
Cationic black ink: 



Kayacel Black CN (trade name, product of Nippon Kayaku Co., Ltd.) 


5.0 parts 


Ethylene glycol 


10.0 parts 


Triethylene glycol 


5.0 parts 


Polyisopropyteneimine 


0.5 parts 




80.5 parts. 



Anionic black ink: 



Pigment Dispersion 1 (anionic) 


25.0 parts 


Ethylene glycol 


7.0 parts 


Triethylene glycol 


8.0 parts 


W^er 


60.0 parts. 



The above-desaibed cationic black ink and anionic black ink had surface tensions of 50 dyn/cm and 53 dyn/cm, 
respectively. 

Example 11: 

Cationic black ink: 



Kayacel Black CN (trade name, product of Nippon Kayaku Co., Ltd.) 


4.0 parts 


Glycerol 


7.0 parts 


Ethylene glycol 


5.0 parts 


Urea 


5.0 parts 


Water 


79.0 parts. 



Anionic black irUc: 



Pigment Dispersion 2 (anionic) 


30.0 parts 


Ethylene glycol 


5.0 parts 
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(continued) 




Triethylene glycol 


10.0 parts 


Water 


55.0 parts. 



The above-descrik>ed cationic black ink and anionic black ink had surface tensbns of 48 dyn/cm and 54 dyn/bm, 
respectively. 

Comparative Example 3: 

Only the cationic black Ink prepared In Example 6 was used to conduct recording. 
Comparative Example 4: 

Only the anionic black ink prepared in Example 1 1 was used to conduct recording. 

The respective inks of the abcve-descrbed Examples and Comparative Examples were used to conduct recording 
on commercially available paper for copying (Canon PB paper and Xerox 4024 paper) and bond paper (Plover Bond). 

As an ink-jet recording apparatus, was used a recording apparatus similar to that shown in Fig. 4. Images were 
formed using 2 recording heads as IDustrated in Fig. 7. InckJentafly, the recording heads used herein were the same 
recording heads as that used in BJC820 (trade name, ink-Jet printer manufactured by Canon Inc.). Drive conditions for 
the recording heads, namely, energizing conditions for a heater In each head were as follows: 

Applied voltage: 28 V 
Pulse width: 3.2 ^sec 
Drive frequency: 5 kHz. 

In the pres^ invention, two black inks, i.e., a cationic black ink and an anionic black ink are used as black inl®. 
Therefore, the cationic black ink was used In one recording head, and the anionic black ink in the other recording head 
to conduct the recording. In Comparative Examples, one and the same black ink was used in two recording heads to 
conduct the recording. 

In each example, ttie record nnage was formed by iising the two recording heads to make a record of 50 % duty by 
one recording head and make the remaining record of 50 % duty by the otiier recording head so as to give 100 % duty. 
Record dots were formed by such a method as illustrated in Rg. 8. 

The record images obtained in Examples 6 to 1 1 and Comparative Examples 3 and 4 were evaluated as to optical 
density, water fastness and fixing ability. The results tiiareof are shown in Table 2. The evaluation of the record images 
as to the water fostness was conducted In accordance witti the following mettiod. The evaluation as to the otiier prop- 
erties was conducted in the same manner as in Example 1. 

[Water fastness] 

After English characters and numerals and solid prints were recorded on commerdaDy availabie paper for copying 
(Canon PB paper and Xerox 4024 paper) and bond paper (Plover Bond), and the resulting samples were left to stand 
for a predetermined period of time, water was dropped on each print area with a dropping pipette to measure the time 
by which ink running toward the blank portion of the recording medium and blurring of tiie English characters and 
numerals occurred no longer. Evaluatfon was made in accordance with the following standard: 

A: Neither ink running toward the blank portion nor blurring of the English characters and numerals occurred in 5 
minutes after ttie recording; 

B: Neither ink running toward the blank portion nor blurring of tiie English characters and numerals ocoirred in 1 
hour after tiie recording; 

C: Botii ink running toward the blank portion and bluning of tiie English characters and numerals occurred even in 
1 hour or tonger after tiie recording. 
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Table 2 





Optical density 


Water fastness 


Fixing ability 




PB paper 


Xerox 4024 paper 


Bond paper 






Ex 6 


A 


A 


A 


A 


B 


7 


A 


A 


A 


A 

A 


n 
D 


Ex8 


A 


A 


A 


A 


A 


Ex9 


A 


A 


A 


A 


B 


Ex 10 


A 


A 


A 


B 


B 


Ex 11 


A 


A 


A 


B 


B 


Comp. Ex. 3 


C 


B 


A 


C 


B 


Comp. Ex. 4 


C 


B 


B 


C 


B 



20 Examples 1 2 Id 16 and Comparative Example 5: 



Ink sets according to Examples 1 2 to 1 6 were respectively prepared by combining two pigments inks as black inks 
with eac^ and using yellow, magenta and cyan inks as color inks. Each Ink was prepared in the following manner. After 
its corresponding components described below were stirred into a solution, the solution was filtered under reduced 
25 pressure through a mtcroflter (product of Fuji Photo Rim Ca, Ltd.) having a pore size of 3 iim when the ink was a black 
ink. or through a microf ilter (product of Fuji Photo Rm Ca. Ltd.) having a pore size of 0.2 pm when the ink was a odor 
Ink. thereby preparing inks. 

Example 12: 

30 

Black InkA^: 



35 


Cait>on Black 1 (catkmic) 


Sparts 




Ethylene glycol 


9parts 




Diethylene glycol 


Sparts 


40 


Water 


81 parts. 



Black InkBv 



46 



SO 



Pigment Dispersion 4 (anionic) 


30 parts 


Triethylene glycol 


7 parts 


Diethylene glycol 


Sparts 


Water 


S8 parts. 



Yellow ink: 



55 



CI. Direct YeOow 86 



2 parts 
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(continued) 



Glycerol 


5 parts 


TNodiglyco) 


5 parts 


Diethylene glycol 


5 parts 


Acetytenol EH 


0.7 parts 


Water 


82.3 parts. 



Magenta ink: 



CI. Acid Red 54 


Spans 


Glycerol 


Spans 


Thiodiglycol 


Spans 


Diethylene glycol 


Spans 


Acetylend EH 


07 parts 


Water 


81 .3 parts. 



Cyan ink: 



C.L Direct Blue 199 


Spans 


Glycerol 


Spans 


Thiodiglycol 


Spans 


Diethylene glycol 


Spans 


Acetytenol EH 


0.7 parts 


Water 


81 .3 pans. 



Example 13: 
Black InkAi: 



Carbon Black 2 (calionic) 


Sparts 


Ethylene glycol 


9 parts 


Diethylene glycol 


Sparts 


Water 


81 parts. 



Black InkB^: 



Pigment Dispersion 5 (anionic) 


30 pans 


Triethylene glycol 


7 pans 
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(ooniinued) 



Diethylene glycol 


5 parts 


Water 


56 parts. 



Yellow irik: 



C.l. DorectYeHow 132 


3 parts 


Glycerol 


5 parts 


Thiodlglycol 


5 parts 


Diethylene glycol 


9 parts 


Isopropyl alcohol 


7 parts 


W^ter 


71 parts. 



Magenta Ink: 



C.l. Acid Red 94 


3 parts 


Glycerol 


5 parts 


Thiodiglycol 


5 parts 


Diethylene glycol 


9 parts 


Acetylend EH 


7 parts 


Water 


71 parts. 



Cyan ink: 



CI. Acid Blue 9 


3par1s 


Gycerol 


5 parts 


Thiodlglycol 


Spans 


Diethylene glycol 


9 parts 


Isopropyl alcohol 


7 parts 


Wkter 


71 parts. 



Example 14: 
Black InkA^: 



Pigment Dispersion 3 (catlonic) 


20 parts 


Polyethylene glycol 


9 parts 


Diethylene glycol 


5 parts 
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(continued) 



Water 



66 parts. 



Black InkBi 



Pigment Dispersion 1 (anionic) 


30 parts 


Triettiylene glycol 


7 parts 


Diethylene glycol 


5 parts 


Water 


58 parts. 



Yellow ink: 



CI. Direct Yellow 142 


2 parts 


Glycerol 


5 parts 


Thiodiglycol 


5 parts 


Diethylene glycol 


5 parts 


Polyoxyethylene lauryl ether 


2 parts 


Water 


81 parts. 



Magenta ink: 



C.I. Actd Red 35 


Sparts 


Glycerol 


5 parts 


Thiodiglycol 


Sparts 


Diethylene glycol 


Sparts 


Pdyoxyethylene laioyl ether 


2parts 


Water 


80 parts. 



Cyan ink 



CI. Direct Blue 86 


3 parts 


Glycerol 


Sparts 


Thiodiglycol 


Sparts 


Diethylene glycol 


Sparts 


Pdyoxyethylene lauryl ether 


2 parts 


Water 


80 parts. 
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Example 15: 
Black InkA^: 



Carbon Black 1 (cationic) 


5 parts 


1.5-Pentanediol 


9 parts 


DIethytene glycol 


5 parts 


Water 


81 parts. 



Black Ink B^: 



Pigment Dispersion 6 (anionic] 


30 parts 


TrleUiylene ^ycol 


7 parts 


Dtethylene ^cd 


5 parts 


Acetylenol EH 


0.7 parts 


Water 


57.3 parts. 



YeilGw Ink: 



C.L Direct Yellow 142 


2 parts 


Qlycerol 


5 parts 


Thiodlgiycol 


5 parts 


Diethylene glycol 


5 parts 


Triethylene glycol monobutyl ether 


5 parts 


Water 


78 parts. 



Magenta ink: 



CI. Add Red 35 


3 parts 


Glycerol 


Sparts 


Thiodiglycol 


5 parts 


Diethylene glycol 


Sparts 


Triethylene glycol monobutyl ether 


Sparts 


Water 


77 parts. 
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C.i. Direct Blue 86 


3parts 


Glycerol 


Sparts 


ThkxJiglycol 


SpartB 


Diethylene glycol 


SpartB 


Triethytene glycol monobutyl ether 


Sparls 


Water 


77 parts. 



Example 16: 
Black Ink Av 



ASTRAZON BLACK FDL (cationlc. product of DY8TAR Ca) 


Sparts 


Diethylene glycol 


9 parts 


Ethylene glycol 


Sparts 


Ethanol 


3parts 


Water 


78 parts. 



Black Ink Bi: 



CI. Direct Black 195 (anionic) 


2.5 parts 


Qycerol 


7 parts 


Ethylene glycol 


Sparts 


Sodlunv hydroxide 


0.5 parts 


Water 


85 parts. 



Yellow ink: 



C.l. Direct YeDow 86 


2 parts 


GUycerol 


Sparts 


Thiodiglyool 


Sparts 


Diethylene glycol 


Sparts 


Acetylenol EH 


0.7 parts 


Water 


82.3 parts. 
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CI. Acid Red 54 


3 parts 


Qlycerol 


Sparts 


Thiodiglyool 


Sparts 


Diethylene glycol 


Sparts 


Acetytenol EH 


0.7 parts 


Water 


81 .3 parts. 



1$ Cyan ink 



C.I. Direct Blue 199 


3 parts 


Glycerol 


Sparts 


Thiodlglycol 


Sparts 


Diethylene glycol 


Sparts 


Acetylenol EH 


0.7 parts 


Water 


81 .3 parts. 



The surface tensions of the inks in each example are shown in Table 3. 

30 

Comparative Example 5: 

Only Black Ink B^ of the black inks prepared In Example 14 was used to conduct recording. 

The respective inks of the above<lescribed Exanples and Comparative Example were used to conduct recoiding 
35 on commercially available paper for copying (Canon PB paper and Xerox 4024 paper) and bond paper (Plover Bond). 

As an Ink-jet recording apparatus, was used a recording apparatus similar to that shown In Rg. 4. Images were 
formed using 5 recording heads as illustrated in Fig. 9. Incidentally, the recording heads used herein were the same 
recording heads as that used in BJC820 (trade name, ink-jet printer manufactured by Canon Inc.). Drive conditions for 
the recording heads, namely, energizing conditions for a heater in each head were as follows: 

40 

Applied voltage: 28 V 
Pulse width: 3.2 ^sec 
Drive frequency: 5 kHz. 

45 In the present invention, two black inks. i.e.. Black Ink A^ and Black Ink B^ are used as black inks. Therefore. Black 
Ink A^ was used in one recording head, and Black Ink B^ in another recording head to conduct the recording. Further, 
the yellow, magenta and cyan inks were separately used in other three recording heads. 

In Comparative Example, one and the same black Ink was used in two reoordmg heads for black inks to conduct 
the recording. 

so In each example, the record image of a black color was formed by using the two recording heads to make a record 
of SO % duty by one recording head and make the remaining record of SO % duty by another recording head so as to 
give 100 % duty. Record dots were formed by such a method as Illustrated In Rg. 8. The dot-fomiing method Is an 
example, and the present invention is not limited to this method. 

Incidentally, a black ink having a higher surface tension was charged into a leading recording head in order that the 
55 black ink may Impact first on a recording medium. Besides, with respect to the relationshqp between the black inks and 
the color Inks, the recording was conducted in such a manner that the Uack inks impact first on the recording medium. 

The record images obtained in Examples 12 to 16 and Corrparative Example 5 were evaluated as to quality of 
black characters, and bleeding and white haze between black ink and cofor Ink. The results thereof are shown in Table 
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4. 

The evaluation of the record images was conducted in accordance with the fbllowing respective methods. 
[Quality of black characters] 

s 

English characters and numerals and solid prints were recorded on the above-described plain paper. Thereafter, 
the record samples were observed to evaluate them as to density, and feathering and sharpness of characters in 
accofdance with the following standard: 

10 A: High in density, free of any feathering and sharp in characters; 
B: Density was fairly high, but feathering slightly occurred: 
C: Density was low. and feathering considerably occurred. 

[Bleeding] 

IS 

Solid prints of fcslack, yellow, magenta and cyan colors were recorded in contiguity with one another on the above- 
described plain paper to obsen/e the degree of Ueeding at boundaries between the black ink and the color inks. Eval- 
uation was made in accordance with the fbllowing standard: 

20 A: Neither bleeding nor uneven color mixing occurred; 

B: Bleeding and uneven cola mixing partially occurred, but no problem arose from the viewpoint of practical use; 
C: Bleeding and uneven color mixing occurred, and a problem arose from the viewpoint of practical use. 

[White haze] 

25 

The same pattern as in the evaluation as to bleeding was recorded to observe whether white uneven parts occurred 
or not m a black image region adjoining to a color image region. Evaluation was made in accordance with the fbllowing 
standard: 

30 A: No white uneven part occurred; 
C: White uneven parts occurred. 
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44 
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30 
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45 


34 


33 


33 


33 


Ex.16 


45 


45 


34 


34 


34 



Table 4 





Quality of black charac- 
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Bleeding 
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Ex. 12 


A 


A 


A 


Ex. 13 


A 


A 


A 
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A 


A 


A 


Ex 15 


A 


A 


A 
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Table 4 (continued) 





Quality of black charac- 
ters 


Bleeding 


White haze 


Ex.16 


A 


A 


A 


Compi Ex 5 


B 


C 


C 



Examples 1 7 to 20 and Comparative Example 6: 

10 

Ink sets according to Examples 17 to 20 were respectively prepared by combining two inks of a pigment ink and a 
dye Ink as black inks with each and using yellow, magenta and cyan inks as color inks. Each ink was prepared in the 
following manner. After its conresponding components described below were stirred into a sdutioa tiie solution was ffl- 
tered under reduced pressure through a microfilter (product of Fifjl Photo Film Ca, Ltd.) having a pore size of 3 ^m 
15 when the ink was a black pigment Ink. or through a microfHtar (product of Fuji Photo Rim Co., Ltd.) having a pore size 
of 0.2 |im when tiie Ink was a black dye ink or a color Ink, ttiereby preparing Inks. 

Example 17: 

20 Black Ink A2: 



Cart}on Black 1 (cationic) 


5 parts 


Ethylene glycol 


9 parts 


DIethylene glycol 


5 parts 


Water 


81 parts. 



30 

Black InkBa: 



CI. Direct Black 195 (anionk;) 


2.5 parts 


Trietfiylenegiyool 


7part8 


DIethylene glycol 


Sparts 


Sodium hydroxide 


0.2 parts 


Isopropyl alcohol 


4 parts 


Water 


81.3 parts. 



46 Yellow Ink: 



C.I. Direct Yellow 86 


2 parts 


Glycerol 


Sparts 


Thkxiiglycol 


Sparts 


DIethylene glycol 


Sparts 


Acelylenol EH 


0.7 parts 


Water 


82.3 parts. 
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Magenta ink 



CI. Add Red 54 


3 parts 


Glycerol 


Sparts 


TTilodiglycol 


5parl8 


Diethylene glycol 


Spans 


Acet/lenol EH 


0.7 parts 


Water 


81 .3 parts. 



Cyan ink: 



C.1. Direct Blue 199 


Sparts 


Glycerol 


Sparts 


Thiodiglycol 


Sparts 


Diethylene glycol 


Sparts 


Acetylenol EH 


0.7 parts 


Water 


81.3 parts. 



Example 18: 
Black inkA2: 



Carbon Black 2 (catlonic) 


Sparts 


Ethylene glycol 


9 parts 


Diethylene glycol 


Spans 


Water 


81 parts. 



Black Ink 62: 



C.I. Direct Black 1S4 (anionic) 


Spans 


Triethylene glycol 


7 parts 


Diethylene glycol 


Sparts 


Sodium polyacrylate 


0.7 parts 


Water 


84.3 parts. 
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C.I. Direct YeDow 132 


3 parts 


Qlycerol 


5 parts 


TTuodiglycol 


5 parts 


Diethylene glycol 


9 parts 


Isopropyl alcohol 


7 parts 


Water 


71 parts. 



Magenta Ink: 



CJ. Acid Red 94 


3 parts 


Gycerol 


5 parts 


Thiodlglycol 


Spans 


Diethylene glycol 


9 parts 


Acetytenol EH 


7parts 


Water 


71 parts. 



Cyan ink 



CI. Add Blue 9 


3part8 


Glycerol 


Sparts 


Thiodlglycol 


5 parts 


Diethylene glycol 


9 parts 


isopropyl alcohol 


7 parts 


Water 


71 parts. 



Example 19: 
Black Ink As: 



Pigment Dispersion 3 (cationic) 


20 parts 


Polyethylene glycol 


9part8 


Diethylene glycol 


Sparts 


Water 


66 parts. 
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Black Ink 63: 



C.L Direct Black 195 (anionic) 


2.5 parts 


Triethylene glycol 


7 parts 


Diethylene glycol 


5 parts 


Acetylenol EH 


0.5 parts 


Water 


85 parts. 



Yellow ink: 



CI. Direct Yellow 142 


2part8 


Glycerol 


5 parts 


Thiodiglycol 


5 parts 


Diethylene glycol 


5 parts 


Pdyaxyethylene lauryl ether 


2 parts 


Water 


81 parts. 



Magenta ink: 



C.I. Add Red 35 


3parts 


Glycerol 


5 parts 


Thiodiglycol 


Sparts 


Diethylene glycol 


5 parts 


Poiyoxyethylene lauryl ether 


2 parts 


Water 


80 parts. 



Cyan ink: 



C.I. Direct Blue 86 


3 parts 


Glycerol 


Sparts 


Thiodiglycol 


Sparts 


Diethylene glycol 


Sparts 


Pdycxyethytene lauryl ether 


2 parts 


Water 


80 parts. 
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Example ^: 
Black lnkA2: 



Kayacel Black CN (cationic) 


4 parts 


1.5-Pentanedioi 


9 parts 


DIethytene glycol 


5 parts 


Poiyethyleneimine 


2 parts 


Water 


80 parts. 



Black Ink B2: 



Pigmerrt Dispersion 4 (anionic) 


30 parts 


lirlethytene glycol 


7 parts 


Diethyieneglyool 


5 parts 


Acetylend EH 


0.7 parts 


Water 


57.3 parts. 



Yellow ink: 



C.I. Direct Yellow 142 


2parts 


Glycerol 


5 parts 


Thiodiglycol 


5 parts 


Diethylene glycol 


5 parts 


Triethylene glycol monobutyl ether 


5 parts 


Water 


78 parts. 



Magenta Ink: 



C.I. Add Red 35 


3parts 


Glycerol 


5 parts 


Thiodiglycol 


5 parts 


Diethylene glycol 


5 parts 


Triethylene glycol monobutyl ether 


5 parts 


Water 


77 parts. 
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CI. Direct Blue 86 


3pans 


Glycerol 


Sparts 


Thiodiglycci 


Spans 


Diethytene gtycoi 


Spans 


Trl^ylene glycol monobutyl ether 


Sparts 


Water 


77 pans. 



IS The surface tensions of the Inks in each example are shown In 1Mb S. 

Comparative Example 6: 

Only Black Ink B2 of the black Inks prepared in Example 1 7 was used to conduct recording. 
20 The respective inks of the above-described Examples and Comparative Example were used to conduct recording 
on commercially available paper for copying (Canon PB paper and Xerox 4024 paper) and bond paper (Plover Bond). 

As an ink-jet recording apparatus, was used a recording apparatus similar to that shown in Fig. 4. Images were 
formed using 5 recording heads as illustrated in Rg. 9. Incidentally, the recording heads used herein were the same 
recording heads as that used in BJC820 (trade name, ink-jet printer manufactured by Canon Inc.). Drive conditions for 
25 the recording heads, namely, energizing conditions for a heater in each head were as follows: 

Applied voltage: 28 V 
Pulse width: 3.2 fisec 
Drive frequency: S kHz. 

30 

In the present invention, two black Inks, i.e.. Black Ink Aa and Black Ink B2 are used as black inks. Therefore, Black 
Ink A2 was used in one recording head, and Black Ink B2 in another recording head to conduct the recording. Further, 
the yellow, magenta and cyan inks were separately used in other three recording heada 

In Comparative Exanple, one and the same black ink was used in two recording heads for black inks to corvjuct 
35 the recording. 

In each example, the record image of a black color was formed by using the two recording heads to make a record 
of 50 % duty by one recording head and make the remaining record of 50 % duty by the other recording head so as to 
give 100 % duty. Record dots were formed by such a method as illustrated in Rg. 8. The dot-forming method Is an 
example, and the present invention is not limited to this method. 

40 Incidentally, a black ink having a higher surface tension was charged into a leading recording head in order that the 
black ink may impact first on a recorefing medium. Besides, with respect to the relationship between the black inks and 
the color inks, the recorcfing was conducted In such a manner that the black inks impact first on the recording medium. 

The record Images obtained In Examples 17 to 20 and Comparative Example 6 were evaluated as to quality of 
black characters, and bleeding and white haze between black Ink and color Ink The results thereof are shown in Table 

4S 6. 

Incidentally, the evaluation of the record images was conducted in the same manner as in Example 12. 
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Surface tension (dyn/cm) 




Black ink A2 


Black ink B2 


Yellow ink 
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Cyan ink 


Ex.17 


49 


48 
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43 


43 
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Table 6 





Quality of black charao- 
ters 


Bleeding 


White haze 


Ex 17 


A 


A 


A 


Ex 18 


A 


A 


A 


Ex 19 


A 


A 


A 


Ex 20 


A 


A 


A 


Compi Ex. 6 


B 


C 


C 



IS 

As described above, the ink set according to the present invention, comprising two black inks different in polarity 
each other, wherein one of said two black Inks Is a pigment InK and the other is also a pigment InK can attain high opti- 
cal density and provide images having good fixing ability, irrespective of the kind of plain paper. 

In addition, the ink-jet recording method and apparatus according to the present invention, wherein such an ink set 
20 Is used, can attain hi$^ optical density and permits reoorcfing of images good in fixing ability. In-espective of the kind of 
plain paper. 

Further, the ink set according to the present Invention, comprising two black inks different in polarity each other, 
wherein one of said two blad^ inks is a pigment ink, and the other is a dye Ink. can attain high optical density arxJ provide 
images good in fastness properties such as water fastness and light fastness and fixing ability, Irrespective of the kind 
25 of plain paper. 

In addition, the ink-jet recording method and apparatus according to the present invention, wherein such an ink set 
is used, can attain high optical density and permits recording of images good in fastness properties such as water fast- 
ness and light fastness and fixing ability, irrespective of the kind of plain paper. 

Further, the ink set accordng to the present invention, comprising two black inks different in polarity each other, and 
30 color inks can attain high quality of black characters, prevent bleeding between black ink and color ink and white haze 
occunred in a black image region at a boundary area between black ink and color InK inrespective of the kind of plain 
paper, and hence permits the provision of clear color images. 

In addition, the ink-jet recording method and apparati^ according to the present invention, wherein such an ink set 
is used, can attain high quality of kDlack characters, prevent bleeding between black ink and color ink and white haze 
35 occurred in a black image region at a boundary area between black ink and color inK Irrespective of the kind of plain 
paper, and hence permits recording of clear cotor images. 

Claims 

40 1 . An ink set comprising two black inks different in polarity each other as black inks. 

2. The ink set according to Claim 1 . wherein one of said two black inks different in polarity each other is a pigment ink. 
and the other is also a pigment ink. 

46 3. An ink set comprising two black Inks the coloring materials for which are different in polarity each other, wherein 
one of said two black inks is a pigment InK and the other is also a pigment ink 

4. An ink set corrprising two black inks the coloring materials for wNch are both pigments, wherein one black Ink is 
cationic, and the other black ink is anionic. 

so 

5. The ink set according to Claim 4, wherein the cationic ink is a pigment ink in whk;h a pigment is dispersed with a 
cationic polymer or surfeictant, or a self-dispersing type pigment Ink In which a hydrophific group is bonded to the 
surface of a pigment through an atomic groMp having a cattonic group. 

ss 6. The ink set according to Claim 4. wherein the anionic ink is a pigment ink in which a pigment is dispersed with an 
anionic polymer or surfactant, or a self-dispersing type pigment ink in which a hydrophilic group is bonded to the 
surface of a pigment through an atonrvc group having an anionic group. 
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7. The ink set according to Claim 4. wherein one t)lack ink of said two black inks the coloring materials lor which are 
both pigments is a self-dispersing type cationic pigment Ink in which a hydrophilic group having a cationic group Is 
directly bonded to cart}on black, and the other black ink is a self-disperstng type anionk; pigment ink in whidi a 
hydrophilic group having a antonk; group is directly bonded to carbon black 

5 

8. The ink set according to Claim 7, wherein the hydrophilk; group in the cationic pigment ink is composed of at least 
one aromatic or heterocyclic group and at least one cationic group. 

9. The ink set according to Claim 7 or 8, wherein the cationk: group is a quaternary ammonium group. 

10 

1 0. The ink set accordUig to Claim 7, wherein the anionic group Is a sulfbnto or carboxyi group. 

1 1 . The ink set according to any one of Claims 1 to 1 0 , wherein one black ink of the two black inte has a surfece tension 
of at least 40 dyn/cm. and the other black ink has a surface tension lower than 40 dyn/cm. 

IS 

12. The ink set according to any one of Claims 1 to 1 1 , wherein the concentrations of the coloring materials used for 
the two black inks differ from each other. 

13. An ink set comprising two black inks different in polarity each other, wherein one of said two black inks is a pigment 
20 ink, and the other is a dye ink. 

14. An ink set comprising ^o tHack inks the coloring materials for which are different in polarity each other, wherein 
one of said two black inks Is a pigment ink. and the other is a dye ink. 

2S 1 5. An ink set comprising two black inks the coloring materials for which are a pigment for one ink and a dye iDr the 
other ink wherein one black ink is cationk;, and the other black ^k is ankviic. 

16. The ink set accordng to Claim 15, wherein the catk)nic ink is a pigmeit Ink in which a pigment is dispersed with a 
cationic polymer or surfectant, or a self-dispersing type pigment ink in which a hydrophilic group is kx)nded to the 

30 surface of a pigment through an atomic groMp having a cationic group. 

1 7. The ink set according to Claim 15, wherein the cattonic ink is a cationic dye ink. 

1 8. The ink set according to Claim 1 5, wherein the anionic ink is a pigment ink in wNch a pigment is dispersed with an 
35 anionic polymer or surfactant, or a self-dieperBing type pigment ink in which a hydrophilic group is bonded to the 

surface of a pigment through an atomic group having an antonic group. 

1 9. The ink set according to Claim 1 5, wherein the anionic ink is an anionic dye Ink. 

40 20. The ink set according to Claim 1 5. wherein one black Ink of said two black inks the coloring materials for which are 
a pigment for one ink and a dye for the other ink is a self-dispersing type cationic pigment ink in which a hydrophilic 
group having a cationic group Is directly bonded to caifoon black and the other black ink is an anionic dye Ink 

21. The ink set according to Claim 20, wherein the hydrophilic group In the cationic pigment ink is composed of at least 
45 one aromatic or heterocycGc group and at least one cationic group. 

22. The ink set according to Claim 21 , wherein the cationic group is a quatemary ammonium group. 

23. The ink set according to Claim 20. wherein the cattonic pigment Ink comprises a cationic polymer. 

so 

24. The ink set according to Claim 20, wherein the anionic dye ink comprises an anionic polymer. 

25. The ink set according to Claim 15, wherein one black ink of saki two black inks the coloring materials for which are 
a pigment for one ink arxJ a dye for the other ink is a cationic dye ink and the other black ink is a seff-dispersing 

55 type anionto pigment ink in which a hydrophilic group having an anionic group is directly bonded to carbon black 

26. The ink set according to Claim 25, wherein the anionic gtoup is a sulfonic or carboxyllc group. 
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27. The ink set according to Claim 25, wherein the anionic pigment ink comprises an anionic polymer. 

28. IhB ink set according to Claim 25, wherein the cationic dye ink comprises a cationic polymer. 

29. The ink set according to any one of Clainfis 13 to 28. wherein one t3lack ink of the two black inks has a surface ten- 
sion of at least 40 dyn/cm. and the other black ink has a surface tension lower than 40 dyn/cm. 

30. TTie ink set according to any one of aaims 13 to 29. wherein the concentrations of the coloring materials used for 
the two black inks differ from each other. 

31 . An Ink set comprising two black inks different in polarity each other as black inks and addlttonai color Inks. 

32. The ink set according to Gaim 31 . wherein one of said two black inks different in polarity each other is a pigment 
ink. and the other is also a pl^ent ink. 

33. The ink set according to Claim 31 , wherein one of said two black inks the coloring materials for which are different 
in polarity each other is a pigment ink. and the other is also a pigment Ink. 

34. The ink set according to Claim 31 , wherein cotoring materials used for said two black inks are both pigments, one 
black ink is cationic. and the other black ink is anionic 

35. The ink set according to Claim 34, wherein the cattonic ink is a pigment ink in which a pigment is dispersed with a 
cationic polymer or surfactant or a self-dispersing type pigment ink in which a hydrophiOc group is bonded to the 
surface of a pigment through an atomic gtoup having a cationic group. 

36. The ink set according to Claim 34. wherein the anionic ink is a pigment ink in which a pigment is dispersed with an 
anionic polymer or surfactant or a self-dispersing type pigment ink in which a hydrophiilc group is bonded to the 
surface of a pigment through an atomic group having an anionic group. 

37. The ink set according to Gaim 31 . wherein one black ink of sakl two black inks the coloring materials fbr which are 
both pigments is a self-dispersing type cationic pigment ink in which a hydrophilic group having a cationic group is 
directly bonded to cart>on black, and the other black Ink is a seif-dispersing type anionic pigment ink in which a 
hydrophilic group having an anionic group Is directly bonded to carbon black. 

38. The ink set according to Claim 37, wherein the hydrophilic group in the cationk; pigment ink is composed of at least 
one aromatic or heterocyclic group and at least one cationic groups 

39. The ink set according to Claim 37 or 38, wherein the cationic group is a quaternary ammonium group. 

40. The ink set according to Claim 37. wherein the anionic group Is a sulfonic or carboxylic group. 

41 . Ihe ink set according to any one of Claims 31 to 40. wherein one black ink of the two black inks has a surface ten- 
sion of at least 40 dyn/cm, and the other black Ink has a surfece tenston lower than 40 dyn/cm. 

42. The ink set according to Claim 31 . wherein one of saki two black Inks different in polarily each other is a pigment 
InK and the other Is a dye ink. 

43. The ink set according to Claim 31 . wherein one of said two black inte the coloring materials for which are different 
in polarity each other, wherein one of said two black inks Is a pigment ink, and the other is a dye ink. 

44. The ink set accading to Qaim 31 . wherein coloring materials used fbr said two black inks are a pigment fbr one ink 
and a dye fbr the other hk, one black ink is cationte, and the other black Ink Is anionic. 

45. The ink set according to Claim 44. wherein the cationic ink is a pigment ink in which a pigment is dispersed with a 
cationic polymer or surfactant or a self-dispersing type pigment Ink in which a hydrophilic group is bonded to the 
surface of a pigment through an atomic group having a cattonic group. 

46. The ink set according to Claim 44, wherein the cationic ink is a cationic dye Ink. 
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47. The ink set according to Claim 44, wherein the anionic ink is a pigment ink in wNch a pigment is dispersed with an 
anionic polymer or surlactant, or a self-dispersing type pigment ink in which a hydrophilic group Is bonded to the 
surlace of a pigment through an atomic group having an anionic group. 

48. The ink set according to Claim 44, wherein the anionic Ink is an anionic dye ink. 

49. The ink set according to Claim 31 , wherein coloring materials used for said two black inks are a pigment for one ink 
and a dye for the other Ink, one black ink Is a self-dispersing type catlonic pigment Ink in which a hydrophilic group 
having a cationic group Is directly bonded to cart)on blacK and the other black ink is an anionic dye Ink. 

50. The ink set according to Claim 49, wherein the hydrc^iic group in the cationic pigment Ink is composed of at least 
one aromatic or heterocyclic group and at least one cationic group. 

51 . The ink set according to Claim 50, wherein the cattonic group Is a quatemary ammonium group. 

52. The ink set according to Claim 49, wherein the cationic pigment ink comprises a cationic polymer. 

53. The ink set according to Claim 49, wherein the anionic dye Ink comprises an anionic polymer. 

54. The ink set according to Gaim 31 . wherein coloring materials used for said two black inks are a pigment for one ink 
and a dye for the other ink. one black ink is a cationic dye inK and the other black Ink Is a self-dispersing type ani- 
onic pigment ink in which a hydrophilic group having an anionic group is directly bonded to carbon black. 

55. The ink set according to Claim 54, wherein the anionic group is a sulfonk: or cart>Qxylic group. 

56. The ink set according to Claim 54, wherein the anionic pigment ink comprises an anionic polymer. 

57. The ink set according to Claim 54, wherein the catfonic dye ink comprises a catfonic polymer. 

58. The ink set according to any one of Claims 42 to 57, wherein one black Ink off the two black Inks has a surface ten- 
sion of at least 40 dyn/cm, and the other black ink has a surtace tension lower than 40 dyn/cm. 

59. The ink set according to Claim 31 . wherein coloring materials used tor the color Inks are dyea 

60. The ink set according to Claim 31 , wherein the color Inks are at least yellow, magenta and cyan inks. 

61 . The ink set accorcBng to Claim 31 , wherein the color inks have a surface tension lower than 40 dyn/cm. 

62. An ink-jet recording method comprising ejecting ink droplets from orifices in response to recording signals to con- 
duct recording on a recording medium, wherein two black inks different in polarity each other are used as black inks 
to conduct the recording. 

63. An ink-jet recording method comprising ejecting ink droplets from orifices in response to recording signals to con- 
duct recording of a black color on a recording medium, wherein two black inks different in polarity each other are 
used as black Inks to conduct the black-color recording. 

64. The recording method according to Claim 62 or 63, wherein the ink set according to any one of Claims 1 to 30 is 
used as the black Inks. 

65. An ink-jet recording method conprising ejecting ink droplets from orifices in response to recording signals to con- 
duct recording of at least two colors on a recording mediiOTi, wherein two black inks different in polarity each other 
as black Inks, and color inks are used to conduct the recording. 

66. The recording method according to Claim 65. wherein the ink set according to any one of Claims 1 to 30 is used as 
the black Inks. 

67. The recorcGng method acoorcfing to Claim 65, wherein the ink set according to any one of Claims 59 to 61 is used 
as the color Inte. 
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68. The recording method according to Claim 63 or 65. wherein the ink droplets are ejected by applying thermal energy 
to the inks. 

69. A recording unit comprising an Ink container portion with an ink held therein and a head from which the ink is 
ejected in the Ibnn of ink droplets, wherein the ink Is one in the ink set according to any one of claims 1 to 61 . 

70. The recording unit according to Claim 69» wherein the head is a head of the type that thermal energy Is applied to 
an ink to eject droplets of the ink. 

71. The recording unit according to Clamn 69, wherein the ink container portion is formed of polyurethane. cellulose, 
polyvinyl acetate or polyolef in resin. 

72. An ink cartridge comprising an Ink container portion with an Ink held therein, wherein the ink is one in the Ink set 
according to any one of claims 1 to 61 . 

73. The Ink cartridge according to Claim 72, wherein the ink container portion is formed of a polyolefin at its surface 
with whtoh the ink comes Into contact. 

74. An ink-jet recording apparatus comprising a recording unit having an ink container portkm with an ink held therein 
and a head from which the Ink Is ejected in the form of ink droplets, wherein the Ink is one in the ink set according 
to any one of claims 1 to 61. 

75. The ink-Jet recordng apparatus according to Claim 74, wherebi the head is a head of the type that thermal energy 
is applied to an ink to eject droplets of the ink. 

76. The ink-jet recording apparatus according to Claim 74. wherein the ffik container portion is formed of polyurethane. 
cellulose, polyvinyl acetate or polyolefin resia 

77. An Ink-jet recording apparatus comprising a recording head from which an ink is ejected in the form of Ink droplets, 
an ink cartridge having an ink container portion with the ink held therein, and an Ink feeder Ibr feeding the ink con- 
tained in the ink cartridge to the recorcfing head, wherein the ink is one in the ink set according to any one of claims 
1to61. 

78. The Ink-jet recording apparatus according to Claim 77. wherein the e recording head is a head of the type that ther- 
mal energy is applied to an ink to eject droplets of the ink. 

79. The ink-jet recording apparatus according to Claim 77. wherein the ink container portion is formed of a polyolefin 
at its surface with wMch the ink comes into contact 
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FIG. 1 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 9 
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